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INTftOOUCTION 



Todayf the all of us deal with numbers and mathematics has been made easier 

by the hind-held calculator. A r>ew speedy confidefice, and accuracy are now possible 
Fn handling the "arithmetic'" part of everyday Hfe - far Bvefyone I As handTield 
calculators continue in their rapid evolution^ higher power ''advariced professional" 
machines - handling Increasingly powerful mathematics — ere bacqmmg more and 
more availa-ble, 

These machines bring a variety of powerful technique right into the palm of your 
hind. Many techniques thai previously requiriHj large volumes of tables. Impossibly 
tedious calcuiations^ or access to a large computer centre can now be carried out in 
a tew keystroHes on a hard-held ntachine, 

This book focuses on how today's advanced profeHional calculators (like the 
Irfsffurtmtts rf-5?-///^ can make Et easier than ever before for you to use some of the 
powerful tools of sutlitics end the mathematics of finance in your everyday end 
busineEi decision makingv Well focus on shuatfons taken from the worid of buiinesi 
and finance, and get together basic facti which wEII allow you to use calculator me^ 
thods In arriving at more accurate and secure conclusioiss. WeTI be concentrating on 
lha '^how rouse" side of fhe« lachnfquas. stating them in straightforward, step-by- 
step, Eaymen'f language - including examples with keystroke solutions along the way. 
l=or those of you who warn a brief look at the details and theory^ well include a brief 
survey of some of the basics of statistics, too. Most importantly, this book is directed 
at being sure you gei the most out of your calculator - to be sure youTe fully aware 
of whet It will (and will noil do for you. 


"DEAR PIERRE^.."" Oa THE STORY OF STATISTICS 


On soma day^ ^ may ssem that life itself (and business in particular] is just one big 
gamble. Appropriately enough the important science of itatisticfi (as we now know it), 
traces its history to a gambler — a young nobleman from Fratxe. In 1G&4 Antoine 
Gombaud, having the title of Chevalier da Mdr#, was concerned over his luck at tbs 
gaming tables. He sought advice ar>d counsel from tha noted French mathematician, 
Blaise Paicah Among the problems he put to Pascal was the question of how prize 
money should be divided amorig the players if a game Is interrupted or 'called off" 
for some reason. 



This led Pascal into tha study of probabilities — in particular 
the focused on the probability of one given player winning if 
a cancelled game were continued to completion. Pascal wrote 
a letter about these problems and his work on games of chance 
to another famous French mathematician* Pierre de Fermat. 
The resulting exchange of letters that foliowad was the begin- 
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INTRODUCTION 


king of the evolving science of statistics - whose mrtht>d& are used In handling un^ 
certain situations of all sorts today I 

THE STORY OF CALCULATORS 

0jalse Pascal was indeed an interesting and productive rmn - tor while he was busy 
giving birth to the «ience of probability end stetiftics, he was aiso tinkering with 
what becanr^e one of the worid's first''calculating machinei"' by buitding on the 
ideas of men such as John Napier. Pascal's work in thTs area began the evotutlorr of 
the mechenical catcuiator - machines handling calculations rather slowly with the 
Bid of complex entanglements of whirling gears^whiizing cranks, wheels, end windows. 
This Bvoliitlon continued on up through 1890, when the punched card was pressed 
into data handling and calculating service in helping to take the 1890 U.S. Census, 

This led the vt^y to later electric relay davice% whk:h continued to evolve info large- 
scale computers. 

Then, a few yeare ago, people working in the electronics industry made several 
breakthroughs that resulted in the hfe^ratsdcincmL Integrated cirouifs made it 
possible to process and store large amounts of irkformation^ in very small spaces, 
with little power and at Icnv cost. These devices, coupled with the development of 
the inexpenfiva ^Lighi Emftiffiff Dfods'* I LED I display made hand-hdd calculatoni 
a reality. Recent advances in integrated circuitf (iCil are continuing to increaie the 
amount of Information storage end processing that can be handled on a single 1C 
"'chip"* iThe lerm IC "chlp“ ref an to the tiny piece of i^llcon upon which an Inta* 
grated circuit is fabricated.) 

New highly flexible "'chips'' are making today's *"Advanced Professional" and 
Programmable hand-held machines passible. With these advanced mfichlnes ar^yone — 
almost any place - can^ with the touch of 3 key execute a highly complex mathems- 
ticii calculation rapidly and accurately. 
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INTRODUCTION 


Thl£ ''CALCULATOR DECISlOM-MAKtNG SOUftCEROOK'^ 

Matheimat^t — inc^udinig the maTtvematlcs af natistics and finance • is all around us 
and li part of many act^vl^ties in our everyday arKJ busineis liv«. Vour calculirtar can 
help handle the mathematical side of life quickly and aocufately — without having to 
bother with iengthy computitions. What's more* your advanced professional calculator 
can be a powerful ally as you handle decisions In your everyday and business Ufa, 

This book hpA baen dengned to show you hoWi 

What we've tried to do is put together a compect, accessible, step-by-step package of 
tflchniqves enabling you to take a variety of decision-making stuatfons and ar^lyse 
them with keyboard solutions. This book was desigr^ed to work directly with your 
catculator,. so be sure to use them together. Both of them have been designed for you. 

An important first step is to get thoroughly acquainted with your calculator, to put 
it through iti paces and to examine all eipects of its operation. Cttapter t of this book 
Is a quick guided '^tpur'‘ of all the fsatures and keys of your otLculator^ along with 
brief examples tllusi7alfr>g the use of each featura, This "tour"' is segmented Into 
four major sections : 

1) The keyboard basici 

2) Tedinleal" functions and keys 

3) Statistical functions and keys 

4} Programming functions ind keys 

Touring in this tashlcm enables you to qutekiy get Into the use of the jpeeijf iMi wtra 
of your advencad machine — after hriafly rAiewing its basic operatlont. 

The subsequer^i chapters in the book ere pecked with examples that lliustraie how 
you can work with your mechine in "Calculating Better Decisions". In each cssa a 
real life* busineM or tfnancial situation Is analysed tor you. 
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INTRODUCTIOM 


Each eKimple is brokers dtmn Into tht foKowirtg segments — each identlfiad with its 
own graphic symbot^ as shown :: 



Target i In iich cait the target ii a brief itatamem of what types 
of calculation well be using to analyse ihe probltmp and how to begin 
implementing th# calculation. 



Tool* The formulae and facts needed to "citeutate the deciiion"' 
along with a very brief statement as to w*k wfMrtJ tbs 

techniquw come fronip and how they are tailored to tba specific 
example. 


Keying It M ; Sample key strokes to axecuta the solution (using the 
data given In the example), along with what youll see In the display 
at key pointi in the calculation. 



Decision Time ; How to use the results of your calculation In 
arriving at a conclusion or decision. 



Goirvg Further: For some examples, a '“going further" section is 
also included — discussing how additional inforrnation or oonclu- 
sions may be drawn from the calculation you've just completed. 


While yduVb busy using your calculator, don't forget that even though it may be 
packed with the latest fn solid state technology - It still qualifies as a toy - 
for children of all ages. Play with it I Use it for exploring and "what iff lng'\ a* well 
as just idle doodling on the keys. You may juit find yourseif expliorins patterns and 
relationships which can lead you to a new appreclatiDn of the beautiful side of 
numberi and matbematics. 
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FEATURES AND FUNCTIONS 



The Th51-(ll you havfi just purchased is an advanced prafessionai cal^tetor 
designed specifically for those who demand a versatile and reliable business^ Kientifk 
and mathematical tool. The aviilebilityof conwersiortii, statistical analyss^arid a wide 
ran^Q of mathematjcsl functions have been combined with the eaiy-tc-use Algebraic 
Operating System IP pro vide straightforward solutions to your most compieK 
problems. 

* AJgabraic Dperetlng System (AOSI allows you to enter mathematicaf expressions 

in the same order that they are algebraicaliy stated h Parentheses^ an intagfral part 

of AOS, ensure proper arvl accurate interpretation of axpraslons. Up to 9 

parenthesis levels with 4 pending operations are available. 

Oonsider the expreuion 

(3 X 4 + 5 S£ ten 7^^ _ _, * u 

- ^3 -^-0.017303 that can be 

entered directly as : i { J 3 1 X ] 4 5 [ ^ I 7 jlan I \ I ] I t I 9 C£?] 3 



• Complete Set of Mathematical Functions incEuding : 

Arithmetic Functions with algebraic hierirchy 
Trigonometric Functions (including Enwerfe functions) 

Angles measLirad in degrees, radians or grads 
Hypertxilic Functions I including Inverse functions) 

Logarithmic Functions (both naturei and oommon) with and 
Factorial, Reciprocal^ Percent and Change of Percer^t 

Square and Square Rodt^ y" and 
Pi (tt) accurate to 11 digits 

Constant feature for easy execution of repetitive cafcufstions- 

• Addresiable Memory System with 10 separate memories for irt^ant storage 
ar>d recall of data« Complete memory artthmetlcaflows you to add, subtract, 
muhiply or divide directly into any mamory. Includes memofy exchange with 
display. 

• Limar Rof^etiion routine provides both immediate stetistical am lysis of data 
and projection of new points. Trend-Line Analy^k isilso available. 

• Mean, ^andard Deviation, Variancer and Correlation capabiEities to analyse one 
or two-dimerrsional statist ica I data. 

a Totally Portable when aperatirig on its rechargeable battery system. It can also 
be operated while charging from err AC power source. 









FEATURES AND FUNCTIONS 



• Coilwsloni afii!abl« from ttw keyboartl provide easy traniitlafi between : 

fnchesafKj milllFnetret 

gallons (USy and htm 

pounds (av] and k^bgramsi 

Fahrenhaft and Ceiilui 

decrees, radlani and gradi 

polar and rectangular coordinates 

degreei^ mlnutftB^ secondi and decimal degreitf 

* Comptite Dfsiday Veftatitfty, featuring : 

Standard 8^lgit display 

Scientific Notation erttry from keyboard and autcmatFcally from calcutations 
Engineering Format displays Scientific ndfaiion exponents as multiples of 3 
Scientificqr Engineering Notation removal 

Fix Decimal control to select desired number of decimal places in the displayed 
number 

Ptspiav value accuracy ensured by interrut rounding 

Ail re&ults are calculated wKh 11 digits and rounded to obtain the displayed 

values. 

• Automata Clmlng - when she L=.J key is pressed, all calcubtioni are compteied^ 
the answer is displayed and the calculator It ready for the ttan of a now problem. 

* Programmabilitv - 4 programniFng keys and 32 program steps are available for 
running "straight'lirH" programs. 

■ Automatic Fewer Sever ^ Ydut calculator ii designed to be energy efficient, After 
about 90 to 150 seconds of noo^yse, the display will shut down to a single decimal 
point travel I i rig in the display» This keapi all of your current calculattoni 'Intact*' 
while greatly decreasing the amourkt of power ymir machine consumes. Much lass 
frequent battery recharges ere required because of this built-in efficiency. To restore 
the display at any tlnre, Just proceed with a Cfllculation, or press the |2ndl key twice. 
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BASIC OPERATIONS 



The key^ have been selectively positioned on the keyboard to provide for efficient 
calculator operetionr Although many of the operations may be obvious, the follow- 
ing Instructions and eM^mples can help you develop skill end confidence In your 
solving routine. 

initial operation 

The fisl-charge, nldcel-cadmlum battery pack furnished with your calculator was 
fully charged at the factory before shipping. However, due toshelf4Efe discharging^ 
ii may reciulre charging before initial oparetion. If initially or during porteble opera¬ 
tion the dfspiay bacomas dim or emtio, the battery pack needs to be charged. 

Under normal conditions, a fully charged bettery pack pfovides typical I v 2-3 houri 
of CP ntinuaus operation. 

With the battery peck properly installed^ charging It carried out by plugging trtt 
AC Adapter/Charger AC90OOR into a convenient 220 V/5C Hz outlet and connec¬ 
ting the attached cord to the calculator moket. About 4 hours of charging rertgrei 
full charge with the power switch off or 10 hours if the calcutator is in use. 
CAUTION ; The battery pack will not charge if not properly installed in the 
calculator^ 

Sliding the ON/OFF switch to the right applies power to the calculator and sliding 
h to the left removes powar. The power-on conditiori h indicated by a display 
which is alight. 

STANDARD DISPLAY 

In additiDn to power-on indication, the display provides numerloai infoririatton com¬ 
plete with negative sign and decimal point and flashes on and off for an overflow^ 
underflow or error condition, An fintry can contain as many as B digits, AH digits 
entved after the eighth are ignored. 

decimal polm 


911 ■? £ 9 «? / 9 


I integar declnul 

float I ns mifiuf lign 

Any negative number it displayed with a minus sign imniediatelv to the left of the 
number. 

See Appendix C for the accuracy of the displayed result, 

DATA ENTRY KEYS 

r~^ through I 9 ] Digit Keys - Enters the numbat? 0 through 9. 
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BASIC OPERATIONS 



i i Decimil Point Key - Enters Decimal Point, Thedecfrnal point can be entered 
wherever needed. It no decimal point is entered, it If assumed to be to the right of 
the number, and will appear when a non-number kay is presud. A zero will precede 
the decimei point for numbers less thin 1 unless all ten aviiiable dfsplay digits are 
Trailrnu zeros on the decimal portion of a numbef -are not nofnvatly displayed, 
Onfy the first decimfll point enterod is accepted, ell others are ignored. 

IZnrf mm PS Key ■ Enters the value of pi W lo 11 significant digits f3 J4?5926fi3fll 
for cafculaiions ; diiplay tr>dlcaies the rounded vaiue to 8 placei. 

!6 E Er^tw Exponent Key * Instructs the o afeylator that the subsequent number 
entry [san exponent of 10. After the EE key is pressed, ell further results are dii 
played in scientific notation f^mat u ntil or l^dt El is pressed or until the 
calculator is turned off, EX* or @nd[ iSS can remove this formet if the 
displayed number is in the range ± 0.0090999 x 10^ to ± 1 x 10"^. 

1+3 Change Sign Kay ’ Instructs lha calculaior tp change the sign of the displayed 
number. When pfessod after JE lEl * changes sigri of the exponent. 

Example ^ Enter -^2S 
Ptms 

iz.e [S 

CLEARING OPERATIONS 

EE] Clear Entry Key - Gears entries made with the digit, dedmal point arxJ cbanga- 
sign keys when pressed before a function key. This key doss not clear calculated 
rbults, numbers recalled from memory or rr. I CE] also stops the flashirug of the 
display when needed, Jse of this key does not affect pending oparations. 

Clear Key • Clears calculations in progress, the constant and the display, It 
resets scientific notation to standard format and will stop a flashing display. This key 
dofts not affect ths contents of uwr memories, program memory, fixed-point Ifix- 
decimall location, a^ngular mods or engineering format, 

iIM! 13 Clear Ail Key ■ Clears the display, el1 memories Including program memo- 
ry. the constant and calculations In progress. Restores standard display owda and 
resets anguier mode to degrees^ EhmFrrete! fixed-point IffK-decimal) format. 

The CB leu la tor effectively clears Itself after most CBlculstforti, When the key is 
pressed to complete a calculation, the answer is displayed and the calculator is raady 
for the start of b naw problein without pressing any of the clear keys. The conienti 
of tht user memories are not Butomatically cleared, 


Display/Commenti 

-t2,6 















BASIC OPERATIONS 


DUAL FUNCTION KEYS I and [my]) 

of your calculator's keyi have dual functions The first function is printHl on 
tho key end the second function If written above it. To execute a function shown 
on e key, simply press the desired key. To us« the second function of a key, pres^ 
the [2nrfi key, then press th# key immodiataly balow the desiri d lec ond function. 
For example, to find the natural logarithm of a number* press I inx I . To find the 
common logarithm of a number, prws In order to make Eequrnces of 

this type clear, in this manusl it will be shown as ESI * function opera- 
lions^ therefor e, ar e Indicated by [ 1 . Second functions ere iindicated by 

, When y2^J ii pressed twice in succession or if a key that does not have e 
second function ii pressed, the calculator returns to first function operation. 


The inwers# key flu^l prowIdsi additional computing capabilities without Incraaiing 
the number of keys on the keyboard Just like the SM key does. When [iN^ praoe- 
des another key, the pur|>ofie of that key is reversed. The inverse can be used with 
the following keys to obtain the indicated functior^. 

1 ft function keys 2iicl function keys 


im 


fin 
cos 

tart -* tan 
SUM ^iubiract 
EE removes E E 


^ DOS 
-* tan'^ 


^ linh -* sinh*^ 

cosh -► cosh"’ 
tanh tanh'^ 

PROD dlvidfl 
BHQ ^ removes EMG or EE 
PfX removes FIX 
conversions -*• reveries conversions 
Mean Mean of x date 
Var Variance of K data 
S. Dev. -*■ Standard Deviation of x data 
This key can atso be used to obtain the rnean, standard deviation and variance of 
the independent variable, In the linear regrafsion routine. An inverse Instruction 
™y be cancelled by pressing |ti*w1 a second time, if no other keys have been pressed, 
or by pressing a key without an inverse function. When used in conjunction with the 
second function keyn. the inverse key can be pressed before or after the second func¬ 
tion key is pressed, i.e Jwvl iai^ itHVl , When prop-ammlng* 

the [iWVl key must always precede the ?nd] key. 


For examples of Itlty uses with a specific key, see the section relating to each key. 
DISPLAY FORMATS 

Even though a tnakimum of B digits can be entered or displayed, the internal display 
register always retains results to 11 digits. The results are then rounded for display 
only* 
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BASIC OPERATIONS 



In addition to the versatile 8-digit standerd dfsplay, there are several other diwifay 
capabilities that Increase the operating range and flex^Miiv ef yQW calculator. 

Scientific Notation 

Any number can be ents'ed as the product of a value fmantttsi] and 10 raisad to 
some power lexponentL 


mflWiMii ^siDOf'tnE 


3. 8 S D I ^ ^ a - 3 8 


I I -—I-' I 

I dHIfflal paint Mflmu »>Mi«rttugn 

rtaUiniji irtinui infit 


This capability airowi vou to work with numbers as small as ± 1 x 1or as large 
as ± 9.9dB9989 x ID”, Numibers smaller thart ± 1 x 10"^ or larger than 1 9.§99d999 
K 10'^ must be enured in scientific notailan, When calculations exceeds these limits, 
the cfilculator automattE:;aIly shifts Into icttmific nota^on. The entry procedure is 
to key in the mantissa Cincluding its sign), than presslEEJand snur the exponent 
of 10 and its sign. 

For exampie, the number 320,OOO.OCX>.(»C can be written as 3.2 x 10'^ and csn b« 
entered Into the calculator as : 

Drsplay/CommefitK 

0 

3^00 
3 ^ It 

More than 2 digits can be enursd aitir prying [EE , but only the last two entered 
are retained as the exponent. 

Jn scientific notation, a paiHIwi exponent indicates how many places t ha decimal 
point of the mantissa should b* shifted to the right. If the exponent is r>egative. the 
decimal should be moved to the left. 

Regardless of how a mantissa Is entered for sdentlffc notation, the cslcuiatijr norm^- 
fises the number, displaying a single digh to the left of the decimal point, when any 
function or operation key '■ pressed. 


Pt^ 

gES 

3,2 

lEE'l 

11 
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BASIC OPERATIONS 


f 



Example ; Enter 60?5 x 10^® 

Pmi 

IclS 

ao2& 

[EE] 

20 

HU 

A mant4i$a fesufting from a calculatbn h display^ B digfts, but ^nternafly h 
carried to 11 diglti. Thi« 11-digit lithe one used for all ensurng caFcufations. 
See AppendlK C. 

The change sign key can ba used to attach a f-egative sign to the frantlffia end to the 
power-of-ten exponent. Simply press r^j after entry of the mantiHa to change its 
sign or after the exponem to change its sign. To charige the sign of th« fnanttssa or 
to enter nurribers in its decimal portion aftar the ,£ E| key has been pressed, press 
[ * I , then enier the mantissa's sign or additional numbers to the dacimal portion. 

Example j Enter -4.962 X 10"^“ then cornplete the decirnal portion of the msnliss 
to read -4.96336 x 10’’^ 


Preu 


Display/Comvmntt 

Esa 

4.962 


0 

-4 962 

Enter mantissa and ilgin 

[eel 

12 

iS 

-4.962 00 
-4.962-12 

Enter exponent aruj sign 

as 


-4.062 12 

Change exponent ilgn 



-4.962 12 

Change exponent sign again 

lZI 

m 

4.962 12 

Change mantis^ sign 

38 

H>^J 

-4.96236-12 

Complete the mantissa 


Data in sclent If fc notation form can be intermixed with data in standard form. The 
calculator converts tha entered data tor proper calculation. After the fflU key has 
been pressed, the calcutator displaysall results in scientific notation format until 
ICLrI j 2ndJ ^^3 p jlHVj ; EEi or [IHVi I2ndi Is press^, or until the calculator 
is tyrned off. 

Example : 1.B16 x 10^ ^ 581.4:^19 = 1.23^5678 x 10^ = 1234.S67B09. 


Display^Comments 

a 

6026 
6025 00 
6025 20 
6,OZ&Z3 
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BASIC OPERATIONS 



PrftH 

Difiplay/Comnwitt 

leva 

0 

t-ai6 [EE 

ijteoo 

3 Q 

1.B16 03 

681.432101 [XI 

1.2346878 03 

Egg HI] 

1234.5679 

When [iMv; [fjj is pressed to removt scwntific notation and the number is oiitside 
of the 9^9909^ ± 1 x 10^ to ± 1 K 10"’* the calculator wilt return to ttan- 

dard format only whan or if a cajcuiated result it in the dispiayable range. 

Ejcample : (7 k IO"' + S k 10*^t 4 2i 4 2S = BO112000. 

Pres* 

Display/Comments 

7 lH] 

7 00 

7 C±] 

7.07 

5 mm 

5 00 

10 rx [iNv! 

S.007 10 


6.007 10 

25 

Z.OOZ8 09 

25 [X 

«0112(HO. 

Enginaering Notation 


This modified form of idontifk notation h accessed by pressing [^nd| HZB , The 
displayed value in thfi mode consists of a mantis and an a»<ponant that have been 
adjusted so that the exponent ii a multiple of three (10'^, tO'*^ etc.) end the man¬ 
tissa has 1,2 or 3 digits to the left of the declrnal point. This allows tha calculator 
to display results in units that are readily usable such as tO"'^ for mlllirnetfes^ 10* 
tor megohms Of 10"* for nanoseconds. 

Example : Whit is the diaiTHter of a cable in mii^ons (1 micron = 10* metre) whose 

circumference is 3 x 10'^ 

metres ? 

C-nd 

d-C/ir 

Press 

Ditplay/Oomments 

•Indl ||?!!3 

0.00 

3 lEJiJ 

3 00 

3 

3.-03 

Bntfl El LX 

954.92966-06 

Pressing [iHvl l2fHll raJTH 
lE El does not affect it 

or ;2nd] d will remove this display mode^ IPiJ^ or pW;^l 




















BASIC OPERATIONS 


FiK'Decifiul ConUol 


In standard display forrntt, sctentitic notation or engineering notation, you can 
selectively choose the nombef of digits to dispiav foibwing the decimal point. PVei- 
sing Sig] MB ^ than erttering the desired number of doclmat places (Q to 7}^ In¬ 
structs the calculator to round all results to the selected number of decimal places. 

Pressing Bnd] M3M , llnid] IBI fi, |7iiii| MSM 9, or |iW] MB returns the 

calculator to the standard display^ Data entries can iditl be made with 8 digits with 
all subsequ«ntxelculations using the 11-digit unrounded results. Only the display is 
altered to the rec|uested number of decimal places. 

Example 12/3 = 0,6^667 


Ptess 

Ditplay/Co mmenti 

2 'JS 

2. 

3 

0.6666667 

iZn^ BSR S 

0.e€««7 

m 2 


ni 0 

1. 

Ramemher that the display value is the desired formats 

Example : 1 x 18'^ -r2 = .0005 


f*r«s 

DisptBy/Comments 

[2nrf; 1^1 

0 

1 EE. 

1 00 

3 :-h— I + i 

1,-03 

2 i = ' 


mi a 2 

B.00-04 

EE 

0 . OD 

Snd] n 3 

0.001 

Sigl ^B ^ 

0,0006 

BDi 3 

0.1HK1&0 


Flathino Diipliy 

Thfl display flashes off and on whtnevar tha \\m\t% of the calculator are violated or 
when an impropef mathematical operation Is requested. Press [CE J to stop the 
flashing without disturbing any Gatculations in progress. Calculations can isominua 
from this point if tha number in the display is still usable. See Appendix B for a 
complete list of error and overflow^ underflow conditioni. 
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ARITHMETIC CALCULATIOMS 



"Rie AljjabraM; OpwAting Systein i method of itumbers and operatkor^s fs 

straightforward allowing entry of most problems just as they are mBthematicaMy 
stated. Thaatcuracy of results H discussed in Appendix C. 

BAStC tCEVS 

r±7l - L3 Add and Subnaet Keys - Correspondingly alters the present display 
walue by the next enteral quantity. These keys alio complete any previously entered 
arithmetic {+, —,Xp or functions. 

I. jjJ # ULi Milftiply and Divide Keys - CorrespondingEy alters the present di^ley 
value by the next entered quantity^ These keys also cornplete any previoudy entered 
nTutttply> divide, y*, ^or A% functions. 

II=II Equals Key - Computes results by completing all previously entered numbers 
with associated operations^ preparing the calculator for a new problem» 

* Extbange y Kay - Exchanges factors Jn multipllcatiori and exchanges divisor 
and dividend in divkion, Interchanges x and y in A%/y* and ^S/Vcalculatiom. Alto 
used for dara entry and remit display for polar to rectangutar conversbns and linear 
regression probtems. 

Pre&iing at the beginning of a new sequence clears any celculetlons in progress 
and always ensures that no pending operations from prior caDcuJations remain. This 
Efi not required if the previous problem used to oblarn the result, f oliciwipsg 
[ = ] with a numeric entry aocornphshcs the same as pressing [gUg ^ except that 
I =J does not reoKive scientific notation or stop a fleshing display or clear the 
constant. 


Pressing any two of the operatiorts keys {+, - k, yK, 5 / 7 # and in tuccession 
causas e flashingdi^lay. Also, fallowing any of theoa with « or) , or preceding with 
t, causes the same result. 

Example : 33.79 + ,54 - & = 10.33 


PreB 

23 J9 he 
.64 PE 


Disploy/Commeno 

a 

33.79 


24 J3 
10.33 


Again note that the numbers #r>d functions art entered in the same order as they are 
mathematically stated. 
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ARITHMETIC CALCULATIONS 



Ewmpla 



D ltpl«y/Comm«nti 


-4. 

>14J 


COMBINING OPERATIONS 

Aftftr A t&iuh if otaiiirwd in one cakMictiQn it may ba directly used as tb* firtt number 
in iflcond calculitiunp Tbera it no need to reenter the number from the keytmard- 

Example : 

!.a4 + 0.39 - 2.23 then (1.84 + 0.3BI/36i = 0,0001096. 

freu Diiplay/ComiTwnti 

1B4[B TA4 


2ZJ 1A4-0J9 
2.23 



0.0061096 2^3 x365 


HIERARCHY OF OPERATIONS 

Algebraic hierarchy it an euential feature of the Algebraic Operating Syitem, To effi¬ 
ciently connbine operations^ the standard rule* of eigebraic hierarchy haw been tpeci- 
ticaily programmed into theeaicuiator, 

Thaw aigebraic rulet assign prloritief to ihe various mathermtii^l operations. Without 
a fined set of rulest expressiow uxh Bf&x4 + 2K2 could haw soverel meanings : 


S x {4 + 3) X 2 » 70 
5x4 + 3x2*26 
(6x4 + 31x2 = 46 
S Jf (4 + 3 X 2J * 50 


or 

or 


or 


Algebraic hierarchy rulefi state that multi plication is to be performed before addition. 
So algebraically^ the correct answer is (& x 4) + (3 x 2) 26. Th* complete lift of 

priorhiet for interpreting expre^ions h : 


%\ Special Functions 

2) Percent Change (A%1 

3| Exponentiation (v*L Roots (?/yi 












ARITHMETIC CALCULATIONS 



4) Muttiplicatjon^ D^vJilon 
5} Additior}, Subtraction 
6| EqiMli 

1J Special functions Itrijionornetrlc and hyporbo^ic^ Idparithmfc, squara, iquafc root, 
fKtor^l, parcant, rteiprmal aiid conva/iioni) Immadiaialy raplK# tba 

displayed voJuo with Its functional Mtue, 

2) Pancflnt chan^ has only the ol^ lity to compleu othtr percent chenga operations. 

3) EKpDnentiation (y^) and roots (^5^J a™ perfornrHhf ai soon as the spocial functions 
and percent change are completed. 

41 Multiplication and division ere performed after completing special functfons, per 
cant change exponentiation, root axtrartion and other multiplication and division. 

5J Addition and subtraction are performed only after completing all operetlOTis 
through rrHiltipIkatlan and division as well as other addition and subtraction. 

6} Equals completes ilf operations. 

Operations of the seme priority are performed left to right. 

To Illustratep consider the interpretative order of the following example ; 

Example : 4 - x 7 + 3 x 0.5™* « = 3,:2413203 


Flran 

DUplay/Commenti 

^ rn 

4. 

(44) fs itpred 

5 li^ 

2 B. 

(6^) special function 
evaluated Immodiately 

1 X ! 

0.1B 

(4 T J -r evaluated because 

X Is same priority as 4 

7 r±2 

1.12 

X higher priority then + 

So (4 — 5^ X 7J evaluated, 

+ stored 

3 m 

3. 

(3k} stored 

.5 Ca 

OS 

.B entered, y" stored 

60 ^ 

OS 

Cos 60^ evaluated immediately. 

3.2413203 

Completes dll operations.5^^* 
evaluated, then 3 k.b™* next^ 
then this is added to 1.12. 
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ARITHMETIC CALCULATIONS 



Thus, by tifiiering tht e>cpf#uian Juit as it fs written^ ths eaiculator correctly Inter' 
pret$ It as; 

UMtB*)k71+(3k05':os »®|} 

The important things to ramember bene ariethat operations are enacted strictly atwr 
ding to their refatiwe pfidnty af stated In the rules. The calculator remamhers all stored 
operations and recalls each and its associated number for e>(ecution at CKactly the 
correct time and place. On« familiar with the order of these operations, you will find 
most problems era aictremely easy to solve because of the straightforward manner in 
which they c^ he entered into the calculator. Additional control over the order of 
interpretaiion is provided through the use of parentheses. 

PARENTHESES 

There ere sequences of operations for which you must instruct the calculator exactly 
how to aveluate the problem ar>d produce the correct answer. Per example ; 

4x (5 + 0|-(7 »4}i»+»l=7 

To evaluBte thrs expression as written using only the calculator hierarchy, many inde^ 
pendent steps would be required. Also, intermediate results would have to be stored 
end the sequence certainiy could not be input in the same order in which it it wr itten. 

Pareniheses should be used here a-nd whenever a mathernaticel sequence cannot be 
directly entered using the previously mentioned algebraic rules or to simplify entry 
of a problem without reference to the hierarchy rules. 

To ilEustrate the benefit of parentheses, try the following experiment: Press tS x 7), 
and you will see ihe value 35 displ eyed . The calculator has evaluated 5x7 and re¬ 
placed Ft with 35 even though the r =^ was not pressed. Because of this function of 
parentheses, the algebraic rulirs now apply their hierarchy of operations to each set 
of parerrtheies. Use of parerTtheses amiures that your problem can be keyed in jost 
esyou have written It down. The calculator remembers each operation and evaluates 
iBch part of the expression as lonn as all nece^ry information is available. When a 
closed parenthesis is encountered, all operations back to the oorrespcxidlngopen 
parenthesis are completed. 

Example :4 x {5 + 0) ^ [7 = 0J2304527 

Key in this expression and follow the path to completion, 
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ARITHMETJC CALCULATIONS 



Press 

0 iapfay/Commanti 

4 nnm 

e. 

(4x) itoTKi pending evaluation of 
parentheses 

6 CB 

6 , 

stored 

9 □□ 

14* 

(5 + 9} evaluated 

□□ 

56. 

Hierarchy evaluates 4x14 

□□ 

56. 

56 ^ stored pending evaluatian of 
parent heus 


7* 

(7—1 stored 

4 m 

a. 

(7 - 4J evaluated 

QtSCB 

3, 

Prepares for exponent 

2 !_+J 

2 . 


3 m 

5. 

(2 + 3) evatLFated 

iiB 

0.23(W527 

(7 _ 4)(a+a) evaluated then ft is 
divided Into 4 x {5 + 9> 


Thart ar* jimits on how many Dperatjon) and assoc[ataej ntrmhets can be storod, 
Actually as many as nine pdrenthasss can b« o^pi at any ona iJrn# and four opft- 
railons can be pending, but only in the most complex irtuatlons takhjIcI this liifift 
be approached, (f you do attempt to moca than 2 parentheses or if tha calcu¬ 
lator tries to store riKiro than four operations,^ the di^lay flakes. 

Example : b + {8/19 - 556 


Press 

D iS|9$av/Camnianti 

5 CBCC 

S. 


8 m m 

6. 


9 Q'LB 

9. 


2 [+:i 

2. 


3 m 

0.6666667 

(2/3] Bvaluatad 

m 

B5333333 

[9 — (2/3)] ivaiuand 

CO 

0.96 

{a/19 - (2/3)]} 


556 

5 + (8/{9 - (2/3)]] 


BecaLTu the |_=J key has the capability to complete all pending oparatlons when¬ 
ever it is used, it could have been used here instead of the fTI keys. Try vmkirtq 
this problem again and pressing HTJ instead of the first □□ - 
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ARITHMETIC CALCULATIONS 



Exampl* :3 X - 4.7000434 


P»tf 

m □□ 

3 nLiixi 

4 CSQJ 

2 [Z5 CD 

4 CD 

CD 

m 

m 


Diqjliv/ComriHnti 

0 . 

4. 

2. 

7* 

IfiZeSTM 

-1J82657M -(^) 

0J238&69 2(W) 

Ijsaoseil 4 ”^*- 

4.7000434 3 X 4”*“ 


Each ttma a closed par«nihsi$ li erMumered, the contents ere evelueted bick to the 
nearest open pafenthes4S and are replaced with a single value . Knowing this von can 
^fucturethe order of interpretation for whatever purpose you rnay want. Specify 
Qally, vou pen check intermediate results. 


\ 
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MATHS FUNCTIONS 



Tlw Simplest operations to describe and imderttand ere the slngle-veriebto functions. 
These functions operate on the displaved value imrnediauiv, replicing the displeved 
value with its corresponding function value. These functions do not interfere with 
any caiculetioni in progress and cen therefore be used at any point in e calculation. 
8e sure that aach calculation has been completed before the new Key is pressed. Key 
entries are not recognised while a calculation is being performed. 

RECIPROCAL AND FACTORIAL 

□SJ Reciprocal Key - Calculates the reciprocal of the value, x, in the display re¬ 
gister by dividing n Into t, x ^ 0, 

m Factorial Key - Caiculatei the factorial (1x2K3x4K..xx)ofthe 


value, X in the display for integers 0 <x < 09. 01 = 1 by definition. 
Example; 1/3.2 =>0.3125 

Pr«* 

Di»pl«Y/Comrn4nt« 

3.2 [S 

0,3125 

Example ; + 6I| ^ 

OJ)092e83 

Pr«n 

Diiplay/Commanti 

12 1 

“12. 

B 1^ E9 

120. 

1 - ] 

108. 

w 

ojood^aa 


Note that as soon as one of the math function Keys It prosiad, the displayed value is 
immediately replBoad with itsccxrespcmding function value. 

LOGARITHMS 

[ta] Natural Logarithm Kay - Calculates the natural logarithm Ibasa el of the value, 
X, In the display register. X > 0. 

1^3 t‘i'1 Cornmon Logarithm Key - Calculates the common logarithm (base 10) 
of the value, x. In tha display regissar. x > 0. 

Example; Log n + In 1.7) -0.1840687 
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MATHS FUNCTIONS 



Pms 





0S3CI62S3 

t£33t^283 

0.1B4fl697 


1. 


POWERS OF ID AND e 

f*^] ff tD th* X Poww Kwy ■ Ca|culat9t thi naturnr anti logarithm of itw value, x, in 
the diipiav regirtir. -a27J9S59a < x < 230^Se&0, 

|2n^ cm 10 to the K Power Key - CetcuFetet the common antilogerlihm of the 
vaFue, x, in the displev registsf. “99 <x<99.999999. 

Exemple ; a(3 + loM s ^ 147.71169 

Preo Diipley/Commenti 

m _ 0. 

3 _t_ 3. 

3 I^!i 3 IEB t.99«2623 

rn 4.9952823 

[•in )47.71169 

ANGLE CALCULATIONS 

Your calculator provides maximum flexibility when performing calculations involvfng 
angles. 

Angular Modal 

Angles can be measured I n degrees, radians or grads (right angle - 90“ - ir/2 radians -100 
grads). You select the mode desired by pr-^ing: either jJZfidl flHfl or 

i2n3 ISSD . The celculatof powers-up in the degree mode and ftays in dint mode 
until altered by one of the other ehotow. Once ^n a certain angular mode, ail entered 
and calculated angles are maasured in the units of that mode unt if another mode is 
sdected, EDI pre ssed or until the calculator is turned off. [2n3! 13 
restores the degree mode. iCEJ and jCtJI do not affect the angular mode. 

The angular mocte has absolutely no effect on calculations unk^ the trigonofnetric 
functions or polar to ractangukr corrverfflons are being performed. Seiacting the angu¬ 
lar mode is easy to do “ and easy to forget. thh #rep h for # 

farffs number of mrror^ m r^mrating any ca/ct/i^arro/r <ie¥^ that off&rs s chotce of 
angu/ar units. 
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MATHS FUNCTIONS 



TRIGO NOW ETHIC FUNCTIONS 

I gfci ] , * [Si I Tr>oofioni«trie K«ys - Cilculates the sine, qcuinv or tangant of 

the va^ue In the display re^jister. 

Example : tin SO* + tan 3?S* ■ — 0.5 


Prew 

gi^ d 
3 0 HE 

315 ri^l 

El 


D iipIftY/Comiiienti 

0 . 

0^ 

- 1 , 

-OS 


Trigonomefric valuer can be calculatad for a ngle? greatef than one revolution. See 
page 194 for additional fnformalionp 


HYPERBOLIC FUNCTIONS 

i2iid[ d #12)^ IS9 rgndl Hypeitiolic PuncTHin Knyi - Caiculatef the 
hYP&rboiic «iw, oo«n« or tangent of tht value x in the dispiav regisiar, 

IkI: < 227.9B532 for Binh and cc»h- 

-227S5592 < X < 230.25850^ X < ± 227 .95S92 for linh and cosh. 


Enter 

1Q0!_+] 

3.3 iE] 2 HE 

mtsa 


D iiplafv/CDmnHnti 
100 

3.030303'(11 

2S40B33^1 


INViRSi TRlGONOMETmC AND HYPERBOLIC FUNCTIONS 

[INV] Inverse Key - Preceding another key^ rwefs« the intention af that feey. When 
used with the trig or hyperbolic functions, the inverse of those functions it obtained. 
For example^ arcsine |5in~^ t is o btained by pressing [lNv| [ aiiiri , hyperbolic arctan¬ 
gent (tinh'^) results from UNVJ 

The Invefsa trig functions calculate the angle whose functional value Is In the display. 
The largest angle resulting from an arc function ia %B0 dagrees fir radians or 200 gradsL 
Because these functions have many angle equlvelenu, i.*.^ arcsin .5 30°. 1E0°, 

300°. etc., the angle returned by each function is restricted es follows; 
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MATHS FUNCTIONS 



Are Function 

Range of Resultant Angle 

arcsin k (lin'^ x] 

0 to Wff iff2 rediani, or tOO G 

arcsin “ (sln“^ — x] 

0 to -90"^ - ir/2 radians, or — 100 G 

arccos n «| 

0 to 90^^ ir/2 radians^ 100 G 

arccos — s? — Ji| 

so " 10 180*, n/2 tq tr radians, or IDO tq 
200 0 

arctan x (tan^^ x) 

Oto 0O°^7r/2 radians, or 100 G 

arctan —x {tan"* — xj 

0 to — 90*j — ?t/2 radians, of — 1 00 G 

For ^Cu'n x and aroCo^in x, —1 

<x<n 

Exampla ;iT/4 + tBn“^ (,3irl = 1 

1.3463803 

Pfan 

Diiplay/Comnwtti 

i2iittj liEQI 

0. 

3ni) m 1 + i 

3.141S927 

4 Lt: m 

0,7863962 

-2 1 X I l2n4J E9 m 

0.6283taS 

[Fn^L^ 

0^5609821 


13463903 

The salecclon of ihe radian mode could hava tmn made startv Doint before lINVji fan 

Note the folio wing restrictfonf. 

*Fts^nh X jiinh"* x) 

- 10* <*<10® 

arccosh x (oosh"^ x\ 

1 <*<10® 

arctenh x {tanh“^ x( 

- 1<*<1 

Exampile j ,26 + tanh"' (J66) “* 

1.5658563. 

Enter 

DiiplaY/CDmnwntt 

.25 m 

0.2& 

ii^ BBa 

1.3168S63 


1,5668563 
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MATHS FUNCTIONS 



SQUARE AND SQUARE ROOT 

[. *M Squira Kvy -Calculat« the squ»ra of the number in the display register, 
10 '”<|k|<10**. 

* Ot ] Squm Root Key - Calcu fetes the sotuare root of the numbBr in tht diiplev 
register^ 

Example ; [’/3J4S2 7 + “ 2^30076197 


Ffe» 


Diiplav/Corntnemi 


3,1452 

7 

3.2 

m 


neil 


1.7734712 
- 5J22e52S3 
10.24 
5.D134712 
2.2390782 


UPJIVERSAL ROOTS AND POVAfERS 

fy^ UnivwialPo^erKev-Rai»s the display register value, y to the x power. 

The antrv uquence Is y \ y*| n followed by an operation key or nqual. y > 0. 

L-3J Univifial Boot K«y - Takes th# x root of the veluSi y, In the dFsplay reginer. 
The entry sectiuerw:^ Is y [^1 k followed by an operation key or equals, y > 0, 

X ^ 0. 

0^1 * EMchanaa y Key - Interchanges the K and y VBlues after they have been 
keyed in. Cenafsa ba used with arithmetic operations and special calculations. 

These maths functions do not act on the display register immiediately. They require 
entry of ■ second vilue foltowiid by an operation before the function can be 
realized, 


Exampio - S362893421 

Pms Diipliy/Comiiwnu 


236 

CtS 

Z3B Enter y for y* 

33 

SB 

0.23 Enter X tor y^ 



Q3207B66 Produces y for W 

3 

:e3 

Q.S3B2893 Enter x for ^f/y end produce answer 


Note that logarithms are used fn computing unlverial powers ivvd roots. Therefore, 
e few entries involvifig negative numbers, zero end one are invalid and will produce 
a flashing display. For example, any negative y value will cause a flashing display. 
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MATHS FUNCTIONS 



FEHCENT AMD CHANGE PERCENT 

[ Peiwil Key ■ Converts the d^sp^AV^d number from a percentage to a dacamal* 

BB Pareeflt Change Key - Calculates the percentage change between two 

values. Press x [ 2 n^ BB x, ] and ~ x 100 UcalcuUTfd. 

* ■ ^ 


Example :43^% = 0.436. 

Preu Difplay/Commant* 

43je (Xl 0.436 


Example - What U the percentage increaae (markupI ol a £766.49 suite of 
furniture which wholesales for £515.22 ? 

Prm DiifHey/Comments 

766.4B BR 766.48 

516^22 48.767517 

The suite has been marked up almost 49 %. 


When r^~] is pressed after an arithmetic operation, add-on, discount and percentage 
cen be compu ted^ 

I "fr i n I K ] I = I aridi n% to the diipleyed value 


Example : What is the totai cost of a £45 overcoat when there Is a § % sefes tax ? 



m 


Ditpley/Comments 

45 . 

2.26 

47.25 
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MATHS FUNCTIONS 


Note that the percent (tsx| ^wn fcf re^rding, ff iieets$arv/tK«ri the tatMl is| 
displayed. 


( — 1 n r % I I 14ibtfect$ it% from the ditplayed veltie 


Example t How iriLiGh do you ha^e to pay for a £l 10 television that has been d\i^ 
counted 15 % with 6 % sales tax ? 


Pr«ti 


Dtiptey/COfnmefiti 

tio 


110. 

Enter amoynt 

15 

IS 

165 

15%of 110 

nc 

935 

110^16% 

6 


S51 

6% of 93.50 

LS 


90.11 

Total Cost 



Fin n il % 1 [ as ] imihipliaa the diipteved value by n% 


Example : if you have hllted 35 % of a €2Hmila trail, haw far have you traveled ? Th 
other words, what is 35 % of 62 ? 

Preu 

62 [X] 

35 m 

You have traveled 2t ,7 miliii. 


14-1 il \ % ^ :| g I drvkfal the diiplayed value by n% 


Example: If you have eaten 9 meals and find that 30 % of your focxi supply is gone, 
how meny meals will your initial food supply provide 7 9 is 36 % of vrhat nurriber ? 

Press Display/Comments 

B [+:i 9. 

30 [S 0^ 


Your initial food ^pply will provide for 30 mealt^ 


Diqslav/Commants 

62. 

036 

21.7 
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MEMORY CAPABILITIES 



Your c^lcul^tor has ttn usar^ccessiblt mtmories to greatly increase the fleKlbiHty of 
ca^cutations, Because there are ten mernarfes, ycxj muit spacffy which memory you 
are addressing by ent^iny It^ number^ n = 0 thrdygh B immediately after pressing any 
meniary retated kev^ Failure to enter one of these numb^s after a memory key 
results in a flashing of the current display value. These memory ragiiters can store or 
accumulate data for later use, in a variety of ways. 

STORING A NO RECALLING DATA 

1^1^ fi Store Key - Stores the display value Ipito mefnary register n = 0 through 9, 
Any previoufly ttored data In n is cleared. 

;RCLJ n Recall Key - Recalls and displays the value stored in memory regliter n end 
retains the value in memory. A recalled number can be used as a number antry in any 
mathematicai expression, n = 0 through 9. 

Example t Store and recall 3.G1 2 In mamory 2, 

Press DpsptOY/ComnMfiti 

3j 012 1!®! 2 3jeH2 

0 

Use of these keys can save you keystrokef by storing long numbers that are to be 
used seveni tirneSn 

Example : Evaluate 3 k* — x — 7.1 for x = 2.94672St 
Press Otsplav/Cammanti 


1 m 

2 : 0497^1 WM 1 


G. 

3. 


2.»4i72B1 

a.^206& 

2G.G496tB 

tjmirni 

23.10290 

16.002891 



The long velue of k only hod to be entered once. The storage and recall did not 
interfere with calculator operations. 

The memories Can also be used to hold intermadiate results oa w^l as rapetit ive 
numbers. 
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MEMORY CAPABILITIES 



Example ; Evaluata 


K 


tor K =£ 20.B3217? degrees. 


Press 

Display^Commefits 

ra m nn 

0. 


3 ; Y 

3, 


20.68277 iSfOl 1 EE 

02ja46&31 

Store K 

2 DDiiag 2 

31^33260 

Store 3x/2 

C^;LE 

0S153a«1 



31X123266 

Recall K 


O^S69B01 

Cos(3x/2) 

rrT+ 1 

-0.341672 


1 

20.082177 

Recall K 


-ajD16i1B3 

Answer 


memory ORCANISATIOM 

Bkiu» ot tha complaxity of som of the itectitlcal ulculitions, calculator 
preempts cenafn memorlet to sfort dita and results for these advanced corapuiatlonsH 
AlsOj memories B and 9 are uwd for storing program steps 17 through 31 (steps 17- 
24 in memory 9, steps 2S-31 in memDry 0), The chart below shows the arrangement 
and USB of the calculator's 10 memories. 


Memory Number 


0 

T 

2 

3 ' 

4 

' 0 

a 

7 

a 

9 


STATfSTICAL CALCULATIONS 

PROGRAMMING 


- Cleared By l2i^ MSM 


DIRECT REGISTER ARITHMETIC 

You can store a displayed number at any time during a calculation without effeirting 
the calculation in any way. Additlcsnalty^ you can add, subtract, multiply and divide 
the dispiaved value for calculations in progress. Pressing 5iidl clears the memo¬ 
ries as well as the entire calculator^ 


2S 


























MEMORY CAPABILITIES 



buM n Sum Kiy - Aclcf$ thQ display ad value to the eontant of mamury r€girtef n 
and Ftorbi the rwoH in n. n = 0 through 9, 

[ijS Subtract Saquanca - Subtracts the displayed value from thi content 

of memory rogietar n and stores the result in n, n ^ 0 through 9> 

[ 2 iA' iTSa fi I'yoduct Kay • Muhiplias the content of memory register n by the 
displayed value and stow product in n, n = 0 throng 9. 

{m^ lindl GESra n Div kfe Key - Divides the content of memory regltter n by the 
displayed value and fiores the result In n, n = 0 through 9. 

These capabilities eliminate the lengthy recall, p^orm operation, store-again 
sequences^ 

Example ; Evaluate + 9 for K ■ —1,2,3 ftid total the results. 


Piw 

Dtfp^y^ 

1 5r:C5n 

1. 

0 

9 [=3 3 

10. 

10 

a C*i]: + 1 

4. 

10 

9 t = J burt 3 

13. 

23 

3 [*I] [1+ ! 

9. 

23 

9 [=. ] 3 

18. 

41 

'WCtI 3 

41. 

41 


Motica that the first evaluation was placad In memory 3 using the l 5TP| key. The 
ISID] clears any previous content of that register before storing the new viluth 

Example ; The percentage of students cofoptating each year el a particular college 
ii 76^ % first year, S1 3 % second year, 923 % third year and 9€.9 % East yeafn 
What percentage of the students graduate and what percentage completa their third 
and fourth years 7 


Piosa 


D iiplay/Oommenti 


703 CEIl Li] 0.768 

013 [Kl CX] 0.624384 

923 [H ISSl 1 iTf.. 0375682 

953 [Ki GEBB 1 S] 0.^2079 

[WCQ 1 03^198 


About 66 % of the stucknts that enter the school graduate. Over 86 % of those 
entering thair junior year graduate. 


















MEMORY CAPABlLmES 



MEMORV/DISPLAV EXCHANGE 

[linff IS3 n Exchanofr K#v ■ Ejcchance the of memorv rogfiter n with tho 

dispJav^ The dispfay value u itpred and the prsvlogsly stwed value h displaved. 

Tha exdiaix)a key hat levaral usei. You can uta It to examint two results without 
IcMing aithfif. AIkj^ numtsars can be tenipararjly stored and used as naedid. 

ExamplB ^ Evaluate A® + 2AS + B* for A - end B f 2SBQ32. 


fYon 

□ iiplay/Commenti 

.268963 IStOI 1 r«M HFl 

a.0«7061& 

Store A 

1.255632 X 

1.255632 

Enter Q 

[2nd ISI 1 


Store B, 
Recall A 

DLl 

0^251622 

Ax a 

2 r+n 

0.7173863 

A* + 2Aa 

RCLi 1 

1.255632 

Recall B 

Jt* 

1S76B1t7 

a" 

= 1 

2J93998 

Answer^ 















SPECIAL CALCULATIONS 



Thara are sev^^l often-usflci mathematical saquencn that have been programmetf 
mto your t^^culator^ Tfiasa aperatians have bean spaclalLy designed to provk^e opEi- 
mum calculatcir efficiency by minimising the number of keystrokes required to 
executf these iterative sec^uenm. 

CALCULATIONS WITH A CONSTANT 

Lind] SSt™ Conitfliif Key - Stores a number and an oparatlon for use in repetitiva 
calculations. Used with the +, x, y*, ^and A% operations. 

Tha entry sequcnea Is the same for ail operations - enter the operation, then the 
repetitive numbaf» m, followed by [2nd] . After the constant li stored^ additiO' 

n&l calcuiations are completed by aplering the variable and pressini [ = I ■ 

|~^ m .^dj ^03 adds rn to eacrh sub^uenl entry, 

L3 subtracts m from each subsequent entry. 

[ X !' m ISndl multiplies each subsaqueni by m. 

' ^ m 2fidS BOB divides each subsequent entry by m. 

r^I] m iZndl TJggQ raises each iLJbs^uent entry tn the m power ie. y*^ 

[>^ I in Zndi takes the mth root of ^h subsequent entry, ^jKy^ 
m I2nd[ IW !2rid| calculates tha percentage change between %ch subseqt^ent 
entry and iti 

bylii-Hir* too 

m 

Performing statistical calculatioTis ilinear regression, mean, standard deviation, etc.l, 
pressing [ol] OF ^2^ I3 or entering any of the above arithmetic operations 
removes or changed the constant. 

Note in the following Bjcample that the constant can be entered as part of a normal 
problem seouence- 

Exampie : Divide .02. tan 22", 2 % 10^ and (2222)' by ,89. 


Press 


Display/Comment s 

I2n^ 

m 

D 

.02 

Ci. 

0.02 

.89 

Siiif! BBO 

0.0224719 

22 

ii»; i-=- 

0.4539621 

2 


200 

22 


2.247191 22 

2222 


S.B47S101 06 


During these calculations you can use any of the maths functions, saleirt a fixed decL- 
mal point, use mennory operations and oonvarsionsor vary the display format. 
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SPECIAL CALCULATIONS 



UNtT CONVERSIONS 

A selected number df conversions fs eviaibble directly frofn the kByboar± These are 
accessed by entering the number to be odmwrted^ then pressing [Z|^ folbwad by 
the desired con version. Convertlot^s can be made between the following quantities. 


Degrees, minutes, seconds 


Pecimai Degrees 

(ODD.mmssI 

and 

|DDD.dd| 

Fahrenheit 

and 

Calsius {Centigrade) 

Degrees 

and 

Radians 

Gredf 

and 

Radians 

Inches 

and 

Millimetres 

Gallons (U.S.) 

and 

Litres 

feunds (av) 

and 

KKogrenii 


The ILWV] key can be used to reverse the affect of the conversions as lisiBd on the 
keyboard. Conversions between degrees, minutes and scondi and decfmal degrees 
is based on the relationship of degrees in decimal {DD.dd) IrFtegar degrees 
IDD) Hh minutes {mmi+ seconds (ss)/36O0. Minxes and seconds must each be 
less than 99. 

The Fahrenheit - Celsius oanversion is i 
“F - Ji 9/5 + 3Z. 

Degrees are multiplied by ir/t80 to yield radians. 

Grads are multiplied by n/700 to produce radians. 

Inches are multiplied by 25.4 to gat millinitres. 

U^Sp gallons are multiplied by 9.785411784 to get litres^ 

Avoirdupois pounds are muhiplied by 0.4E3S9287 to yield kMograois. 

Example : 212°F- IDO^'C 

Pi'*** Oiiplay/Coirimenis 

Srg] QB 0 

212 ^ OB 100 . 

[[N^ !2nji Ua 212. 

You can use these conversions to convert square units of one system to square units 
of another system. 

Example ; 1520 square inches = 980649^.2 square millimetres. 

?rns Dhpliy/Comments 

1520 SHOE on 980G43J£ 
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SPECIAL CALCULATIONS 



Going through th« conversion process twrce effectiwiy mu^lpfies bv th« convtifslon 
factof twiC3B> Cubic convafsJon wouid work the snne way, except that three oonver- 
54 on seq uences are raquirod. 

POLAR TO RECTANGULAR SYSTEM CONVERSIONS 

133 Poliar^Rectangular - Converts polar co^rdinatiH to rectangular co ordi¬ 
nates. 

|J^ | X Exchange y Key ^ Er^ters and rilriavei data for the special oaicuKotlons. Also 
used for arithmetic operations and exchanging x and y in root and power calcula¬ 
tion*. 



Mm to Rectangulnr Key Sequenoe 

R r^zi 0 Eaa y « 

Rectartgulsr to Polaf Kay Sequanoe 

K y [IKV] Hod] GEt ywidi 0 1*^1 R 
The © caicuialed from the rectangular to polar sequence will be : 

-90'' ) ( 270“ 

-e/2 rod J <0< J 3lT/2rad 

—lOOgrad ) f 300 grad 

This conversion routine monitors the angular mode of the calculator to determine 
the angular imiti desired for both entry end retrieval of data. 

Note that arithmetic operations should not be pending <iivhen using the polar/ 
rectangular conversion. 
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SPECIAL CALCULATrONS 



Prm$ 

EE 

5 

30 [2n<f! laa 

QSl 

E5ZI 

fif^ l2i^ [33 


OiH^V^ Co mmenti 


0 

0 . 

2.5 

4.330127 

4.330127 

2.5 

0.5235988 

5. 


Suletit dH^rw mode 
Entff R 

Enter y 

Displiy X 
HadJan mode 
Enter K 
Diiplay @ 

Display R 


MEAN, VAfliANce, STANDARD DEVIATION 

r»yi Sum Ptui Kflv - Enters data pointi, Yu calcutetion of mean, yariaria and 
standard deviation and for the linear regression routines. 

Sum Minui Kay ’ Removu unwanted data antriet for masn, variance 
standard deviation and linear regression catcLriatidni. 

[Znd) 3tB Mean ICey - Caiouiaies the mean of the y arfay* 

U 

ryi 

of data. Mean - y ~ , i = 1, 2r 3 . . M 


[2nd] KUJ Variance Key ' Celcylates the variance of tha y array of data using 
N weighting. 


Vw ranee 


^ _ (Ml’ 

N N^ 


|2nd, 33S Standard Deviation Kay - Calculates the standard deviation of the y 
array of data udng N-1 weighting 


Standard Deviation " 


a 


Varx 


N 

N-T 


All calculating here must begin and and by pressing iZndi ^3 to lotaily deaf the 
calculator, Theia are 4 pending operations available between entries and calculations 
of statiifk^, linear regression and trend line. However^ arithmetic operatFons cannot 
t?a pending while actually entering data pmints. When doing trend-line problems, tha 
implied x value must be reentered with tha key if arithmatic calculations are 
performed prior to iotry of all data points. Statktical values are stored in memories 
1 through 7, so extefoal walues cannot be stored hers without destroying tha statls^ 
tical data. 
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SPECIAL CALCULATIONS 



Data points &ro entoiTBd by pfassing 11±J after «ach and ramovid by preS’ 

sing i2nai Fg after reentry of an incortecl point. The entry numbar N is displayed 
after each entry. N = 0, U 2 ^ . . 

One# entftfad, the date can tae used to calojlate the vrmn, varianca and standard 
deviatiion by simply pressing the necessary keys. 


Example i Analyse the following test scores ; S6, 81 ^ 87^ 78^^ ^3^ ??- 


Press 

Dlq^lBy/Comments 

i^ndj 13 

0 

Clear 

08 SB 

1. 

1st Entry 

81 liB 

Z. 

2rid Entry 

97 !-€ 

3. 

3rd Entry (incorrect I 

97 !2n^ 

Z. 

Remove 3rd Entry 

87 fS+j 

3* 

Oofrecs 3rd Entry 

70 SB 

4. 

4th Entry 

S3 ^ 

5. 

Bth Entry 

77 \MS 

e* 

6th Entry 

[fn^ 3319 

9.8782712 

Standard Deviation 

|2n^ Kl 

84. 

Mean 

\2v4j Cd 

81.333^33 

Variance 

lR® 6 

804. 

Total of Scores 


htete that the standard deviation can be calcoleted first even thoiijah the mean Is 
used io determine the standard deviation^ 

The data are accumoialsd in the memory registars with fn 5.13y in S N in 7. 

The values stored In the memory registers can bo recalled and used in other cafoite' 
tor operations. 

For your conveniinot, the option has been provided to select N or N—1 weighting 
for siamlard deviation end vnriance oalculotions. N weighting resutts in a maximum 
likelihood estimator that is garierilly used to describe popuiatloni^ while the N—1 
is an unbiased Ktimator customarily used for sampled data. 

Standard deviation and varianca can be obtained with N Of weighting. The 
variance key uses N weighting and the standard deviation key us« M-l weighting. 
Variance is the Square of the standard deviation. So, variance with W-1 weighting 
i$obtained by pressing ^d| 33S Hi*! and standard deviation with M weighting 
results from ^ 












SPECIAL CALCULATIONS 



linear regression 

X Exchange y Key *' Enters the x valuer for linear regression oalculetions. Also 
used In conversions, roots end powers end certain arithmetic operatioos. 

1.31 ^■J Sum Plus Key - Enters the y values for linear regression oaiculation^^ 

2nd] EH Sum Minus Key - Romoves undesired date entries. 

2ndJ SQS Sluice Key - Calcu^testhe sbpa of the i:;alcylated linear regression 
Cktfwe. If the line it yertical, the display will flash because the slope is Infinite. 

iZnjS QQQ} Intercept Key - Calculates the y'iniercept of the calculatEid linear regret- 
tion curve. If the line is vertical 'the display will flash because there Is no y-intercept. 

lindj Compute x Key - Calculates a linear estimate of * oorroponding to a y 
entry from the keyboard, 

SM d Compute y Key - Calculates a linear estimate of y Dorresponding to an 
K entry from the keyboard. 

L2rid| SSS Correlatian Kay ' Calculates the correlation coefficient of the data 
entered in the linear regression roLftine. The value will be between t f with t 1 being 
a perfect Correlation. 

^ndj B3 riiind] BTO ^ Caiculatef the mean, variance and standard 

deviation of the y-erray of data. 

[I MV] ! 2ndJ .flWVl 11^ l TO!i ^ |TSv| iZndl 333 Calculates the mean, variance 
and standard deviation of the x-array of data. 

In many disciplines h is desirable to expresione variable In terms of another even 
though the variables are independent and are not neoesarily analytical functions of 
each other. An accepted practice is to perform e lesst'squares linear ragressian 
which is designed to minimise the sum of the squares of the deviations of the actual 
data points from the straight line of b«st fit* In practice^ we are essentially construc¬ 
ting a plot of the variables (called a scatter diagrarr) and drawing the bast straight 
line which unifonmcly divides tha data points at shown below. Because the data may 
not be best represented by a straight-iirte cirve, it is deeirable to maaajre how wall 
the lir>BaF curve actually does fit the dau^ This measure is called the carrelation coef' 
ficiani and may be calculated from the independent variables and the linear equa¬ 
tion paramater^, 










SPECIAL CALCULATIONS 




Vour cslcufator ^utoratically oDmput&s th# filop« snd v-inieroept with its lirmr 
regression roirtrn^. The result h ■ linear e<|uatlon of the farm 

y » fTW + h 

It can he shown that the slope arxi yTrrtercept ereclatarmined as followi; 

£*1 £y( 


N 


- Ejtivi 


m 


(IX))* 


N 


-£x)‘ 


b ^ Y ^ mK 


x = avafage x value 


y = average y value 


w 

Exi 
i = t 


H 

n 

lyi 
1 = 1 

“N 


^ varlancse of the x values. 


After the linear regrewipn curve Is determined, can measure the degree of asso* 
detion between the rsndpm variables Ixj, y;) VnL correlation coef- 

fident It usually denoted by r and if calculated using the following expression. 


f 


Oy 
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SPECIAL CALCULATIONS 



where: 

Cy = variance of the y value$ 



From thw equations, it is easy to sae that the mm of the squares of the data points 
must not e»cceed the upper limit of the calcuEetor ± 9,9999999 Jf 10*. 

The array of *1* yf datapoints it entered by pressing 

for each data point. Undesired data points can be removed by reentering the faulty 
pair, but press QH instead of lg+] , just as in mean, standard deviation and 
variance cakruEations. 


The x^rray date are aocumuUted with Exj in memory 2* Eki* in memory 3 and 
Xxy In mamcKY 4^ Locations of y^rray data are given on page 3S. 

Examp^ : A quentity of tubing has bofrn ordered cut into 100 cm tong sections to 
be checked for length accuracy and uniformity that should be 6.0 gm/crn ± 0.01 * 
The test requires that B samples be analysed at a time. 

Sample 1 2 3 4 S 

Lniflihtcriil 101.3 ?03.7 9B.6 99.9 B7,2 

Weight (gm) 609 626 b&6 594 579 


6 

100.1 

605 


What is the average weight of the samples taken ? How accurate h the cutting 


to the standard 7 




Press 

Display/Cominefits 

Sni n 

0 

Cleerah 

101,3 

0. 

Enter X| 

609 (a?] 

1. 

Enter y, 

103.7 !*»>• 

102.3 

Enter 

626 Ms 

2. 

Enter v- 

98.6 0*^ 

?04.7 



586 US 

% 



99.9 

99.6 



594 [gj 

4, 



97.2 

100.9 



579 MB 

S. 



100,1 

98.2 

Enter x< 

605 H+i 

6. 

ir 

Enter y^ 


toontinued} 
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SPECIAL CALCULATIONS 


(continued i 


[ + J [Tr^ l2jS! 3&3 



599.83333 
100.13333 
5>9W3402 
0.981 S0&4 


Averof y ai'ray 
Avorage of x airray 
Average uniformity 
Correlation coefficient 


The average weight of the sampler is about &99.S grams. The mactiine is cutting the 
length to ahoLrt 100.1 Gintimetres. The uniformity is better than 5.99 granB/centi- 
metre. easily within the acceptable tolerance. The correlaiion coefficient, being very 
near 1 {perfect oorrelation} shows that the individual amples wertq^uite close to 

the uniformity standard. 


TReNthUNE ANALYSIS 

This process is a variation of linear regression. Geiculations must begin and end with 
12.nd| Bi . Here, the x values are autometicaFly incremented by 1 for eech data 
pojfit. The calculator riormaKy assigns an x value of 0 lo the first y data point. Tha 
data points are then entered by pressing [a*H - The Initial x value cari be set to any 
number other than 0 by entering the first value as Tn rwrmal linear regression 
y.Sl] ^ than Yj S+l y^ \%-¥\ , etc, Tha x values are still internally increnianted by 
1 for each y value. Thar* is no limit on the number of date points that can be 
entered. 

Undesirad data points can be removed by the following sequence : 

yi«, nil . then 5^X1 -1 [3 Ym EH 
, continue 

Example ; A company began fn 1972. Profits each ye^r since then have been —1.2^ 
—0^, 2.1,1,8 and 2.7 million pounds. What profit can be expectad in 1077 and In 
1960 7 Whan should proffti riwich 10 million pounds ? 

pyeu Dl^itav/Commenti 


!2nd] 

EEI 

Q 

Clear All 

■972 

I?*Zj 

0. 

Starting x value 

1.2 


1. 

Yi 

.3 

^iss 

Z, 

Yj 

2A 

S+l 

3. 

Ya 

1.B 

mu 

4, 

V- 

3.7 

m 

5. 

Vs 



1977- 


1 

[=:• 

1976. 

Faulty antry year 


1976. 



(continued) 
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fcontinuBd} 

Ditplay/CofninBnts 

3,7 g^ES 

4. 

Faulty value removed 

2.7 g+l 

S. 

Oorract wlue 

1977 [2n^ E2I 

3.99 

Expected profit \n 1977 

1980 !2ii^ Wm 

6.99 

Expected profit in 1030 

10 ^dlBB 

1963.070707 

10 Tntllion profit yeur 
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SAMPLE MATHS PROBLEMS 



in prftvjGuc sections, The capabilriles and operationt ct your cateulatar hava 
bean explained. This lacf bn demonstrates somof the math lituatbns In which 
your caiculator can prove Invaluable. For sirrrpMcity. Ml, M2j M3 will represem 
memories 1.2 and 3. 

VECTOR ADDITION 

Add the following vectors ? 

5^30^+lQL45°^r‘4©* 

Our solution is to first find the irwJivlduel x artd y oomponeots of each vector using 
the polar rectangular conversion routine. Next vve sum bath x and y components 
separataly tq achieve the resultant Xand Y values. The aquations used are : 

X-&eo5 30" + 10 coa 45’ 

Y - 5sin30“ +10sin 45^ 

Finally^ we perform a rectangular to polar transformstfon on The X end V resul¬ 
tant values to arrive at r' and Tha aquations used are : 

f* =VX’ + V’ = 14.085986 
40.012765 


The calculator eolutbn it; 

Press 

Disptay/Commenta 

in 

0 


5 !*irrl 

a. 

Enter radius of first vector 

3Q EX] fSTOll 

2M 

Enter angle of first vector. 

1^1 psrei 2 

4,330127 

complete polar 

recta rtguier fsonversbn. Y 

10 

2.6 

stored in Ml and X stofed In 

M2. 

Enter radius of saoond vector 

^ noil 

7,Cr7l067S 

Enter angle of secDfid vector 

ea 2 

7,07t057a 

complete polar/rectangular 
conversion. Sum Y components 

[b^ 2?^iBCLI1 

0J57t0e7a 

In Ml end X componerits In M2. 
Resultant X and Y components 

IIHV; ini^ DU 

40.0127K 

recalled tor rectanguler/polar 
oonvorsion. 

Angle 0' frr degrees 


14.885956 

Magnitude r* 
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SAMPLE MATHS PROBLEMS 



RECTANGULAH/SFHERICAL COOnDtMATE CONVERSIONS 

To convert 15, 8,10) from rectangular td ipfierii^l ocordinetef im the following 
reference 

Where : 


f • 4 y2 + 

0* Tim'' ^ 

It 

» * «n"i 




To solve On the calculator t 
Presi 

iSidl m 

& 

B jZnd] 133 

10 i^g^iifrtiiaa 

SE 


Diiplay/ComfTiBnti 


0 

0, 

B7.OT4617 

43.33172 

13747727 


Ent#r K 

Enter y; value of ^ diflayed 
In degrees 

Enter z; value of 0 dtspJavid 
fn degrees 
Value of r 


AREA OF IRREGULAR POLYGONS 



An investor wishes to purchase the tract of land shown tor future development 
With land prjcw at £0.012 per square foot how mudh can ha expect to ipend ? 
The parts of the figure have been labeled to help you follow the solution. 
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SAMPLE MATH PROBLEM 



(Total area} k {F¥ioo/uhit area) = TotaJ Cost 
Total BfM = AGDf - AEF - BGC 
Hera is the caTculatoc procedure t 

Prew 


68695 _ 

39.4026 iiini: l2nd] QQ 

^ 1 

2[X] 

1 rs 

5020.6 

a 

1 ^ 1 L xj 2 □□ 

2 r .=J ^ a 

4106.3 [*«r] 

te.i725 SS3 ini EBU 

Btg! 1 _ 

1^L*] ;rcli 1 [i] 

2 

IS L+_ 1 ^ 3 cm 
□c ^^ 

.012 cm 


Diiplay/CoTn merits 


0 


0. 


4379.462 

FE 

4379.462 

FE in Ml 

BnQm^& 

FA in M2 

4379.462 


9400.062 

FD 

49632478. 

Area AGDF 

2312360L 

FE it FA 

38070677. 

agdf-afe 

3607D677, 


1082.6061 

BG 

1082.6061 

BG in Ml 

4287099.9 

BG xCG 

2143560. 

Arw @GC 

^927127- 

AREA 

431126.63 

Oast oF plot 
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PROGRAMMING KEYS AND EXAMPLES 



At thli paint looked at a lot of keys an yoyr calculator - and you've explored 
how to use them in a variety of problem solving sltuatior?. Now waYe reedy to take 
a look at how you can expand tha ute of these featurea aven mora with pro^am- 
min^. 

t/Vlien many people first hear the word ^"programming'' they conjure up visions of 
large machines, punched cards, complex procedures, etc. However, programming 
your calculator hs expressly designed to be a rutural, straighforward prtxxess - that 
can save you considerable time vvhenever you handle i repetitive ca feu I a ting situa- 
tion^ Basically, your calculator {ust or remembers keystrokes you put Into ft 
tt will then execute these koystrokes for you again at any time - as rnany times as 
you require — with the touch of a single key. The calculator is actually ^'pushing its 
own buttons" for you- 

Lei's see how this procedure works by jumping right into a simple eKample ; 

Let's suppose that you are shopping arKi spot a supre that is having a "40 percent off" 
sale. To calculate the sale price of any item, you'd simply enter the price into the 
display and press L~ 1 40 [ ^ 11 = j . A coat which norm&lly sells for £56 would 
cost L 56 1 " 1 4Q ] % I r=1 33.6 Of £33.60, As y wj ch eck various items in th# 
store, you press the same five keys apin and again, \ — I 40 [ % I L as J - If you 
wander through thattore and caicufaie 15 different discount prices, you'll use 
these same keystrokes 15 times. However, with your programmable calculator^ yrsu 
can "progranfl" ior more simply, teach) thecaiculaior to remember the [ ** ] 40 
[ % J I = I f keystroke sequenct for you, Prom then on in, all you'll need to da Is 
enter the price, tell the calculator to begin, and the calculator will push the "pra- 
grammed" buttons automaticallv for you. 

A for your calcuiatpr, than, h jutt a list of the series of kaystrakes in the 

order needed to perform a particular CBtculation. Oiks you know these keystrokes 
you can program your calculator to remember them. To do this you simply press the 
H^n^ EES] (Learn) key sequence. When you do this, you "turn on"^' a special me¬ 
mory in your machine that remembers the keystroke that follow. VouYa telling 
the calculator ''plHaso remember the kevstroke instructions 1 enter nexl", 

At thii point you Just enter tha kevstrakes yau'd need to boIvh your prablem. When 
your program keystrokes are all entered, you press Ind ] again to turn ^'off" 
the protyam memory — and you re ready to use or "run" your stored program. 

Let's program our 40 % discount problem and set how we can teach the calculator 
to remember the i \ 40 I % I [ = I keystrokes. To do this, follow these naps: 
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PROGRAMMIMG KEYS AND EXAMPLES 



Press 


Display/Comrmnti 

t23 BSa 

2 

OjOO Clears all calculator memory registers 
and fixes the decimal point ai two 
pieces 

Qijij 


0000 Tells the calculator to "namember'" 
all of the following keystTokei. 

The special display format iOO 001 
confirms that the calculator is in 
"learn mode". IThis is discussed 
more in a moment I. 

^ ^oEioci: 


06 00 Your CdkAJifitor "counts stapi" as 


you enter therr, at this puint step 
5 is "up fiflxt". 


After you? catcuEatOf completes theu keystrokes, you want h to stop and show you 
the result. You tell It to do this by finishing your program with a stop irtitniction 

1^ CB. 

I^ocf PQ 06 00 TelHceicuiator to 5t)op 

i2ndl fTffl 0 Leave learn moda. Th# progFam is 

complete. This second use of the 
learn sequence "turns off" the 
program memorv to leave the 
"learn mode". 

Now, to or your program Jollow these steps | 

When we left the learn mode, after keying in the program^ the step counter (program 
pointer) was sitting waiting for the next step^stap 06. The calculator has "learned'' 
our prnflfBm step-by^tep and these prcsgrem steps weVc stored ir> steps 00, 01 ^ 02, 
03*04, and 06. Before we can run the program wo must get back to step 00 so that 
the program pointer will run {or ax^te) the program from the beginning. You can 
do this by pressing the reset key, ^d| GSl - the program Is ready to run. 


Press 

Display/Comments 

l2iSl ES} 

0.00 

53.96 

53^6 Enter the list price of the merchan¬ 


dise. 


Now press Run/Stop to run the 
program, I 1 ] 40 | % \ [ ^ I 

EB 

32^7 Sale price. 
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PROGRAMMING KEYS AND EXAMPLES 


[¥.)Jk 


Ai you go through the CTore. you can quickly and oKfly calculate the sale price of 

any item by pressing aM [i^ .entering the I in price, than pressing;;^ GS 

To prove to yoorarf Just how easy the pro^em is to u», find the price after dit 
count on these items ; £1B657, £86.49. and £T3.88. 

Display/Comments 

!—^ 166.87 3n^ liSil 93£8 Discount price 

^1^ 96.49 LBil 51.89 Oitcount price 

l?hd| [ISl 13.88 [2n^ IsEl 8.33 Discount price 

To help you to better undersund what's going on within the ctTculator when you 
run a program, let's uka a closer look et the four special programming keys on your 
calculator. Thev're shown here as they appear on the kaybaard and include EE! , 
CHI BUZ) end one vue haven't used yet Esn . 


Programming Keys 

Pl/S Rst Lm Sst 

I US □□ Q 

* - Program-1 ' 

PROGRAMMING KEVS 


OMS'OD 


I2M EEIZI The Lawn Mode Key . Pressing the swjuence gndi MI one time puts 
the calculator in what we'il ceil the "laarn" mode of operation. This allows you to 
begin writing e prOff^am into program memory which is "learned" arrd rememberadi 
by the machine and can be run later. Pressing the sequence MI again takes 
the calculator out of the learn mode. (Tba display is cleared to a single taro when 
you the iBarn mode}, 

Wbflji ycKj prtss Ujg the first limt ind tha learn mode the diiplay 
changes to i unique format: 


0 0 0 0 


The two digits on the lift tell you the program step number you are workiofi on. As 
you are programming the machirte these two digits will always indicate the numbar 
of the next ewaliable program step. Thirty-two program steps {numbered (W through 

31} are ayaltabte for yc^r use. 

The ri(^t two digits in the display wili be zeros as you program the machine, but 
as you'll be seeing in a moment, these two digits will tell you which keystroke Is 
at each program step whert you review your program with the ||^ ^ key. 
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PROGRAMMING KEYS AND EXAMPLES 



The keyrtrokfli will be indicated by a two-digit number code (called the key code! 
representing the row and column number of the key. (^ore on this taterL 

l2ndl LBd The Run^Scop Key - When your calDufator is out of learn mode^ the 
[FhH] UB key is ttie stort/stop switch for any program you may have in the 
machine. If Che program ii slopped, pressing ^nd| will start it running, if the 
program Is runningaJong, priesslr>g i^ndj fFKt or TCE l wilt noph. The j?n^ flE key 
can also be put in a program where you want the calculator to stop to display an 
answer. The caiculetor wifi run through your progrerri steps until it comes to a 
|Zi^ QB Instruction, et which point it will stop- 

:2ii^ ESI The Reset Key - In Order for you and your calculator to be able to 
keep track of yixjr programming they are numbered seguentially from DO 
to 3 K As you key In a program land as a program if running i the program nap 
counter, or program poirtier, advanr^ step-hy step from 00 to 3t (or to a CQ 
ir>strucllort before step 3T), The EBl key Instructs the calculator to reset 
the program counter to step 00. Pressing I2nd[| tISl »then„ takes you back to the 
beginning of your progrann, 

l^nd] The Single-Sttfi Key - If you press this key sequence while your calcu¬ 

lator is In 'IfiBm*" mode^ you "step through" your program one step at a time. This 
aJIows you lu check on the keystrokes in any program youVe entered, as we'tl drs^ 
Cuss below. When you press find! tsaa out of "learn" mode, you step through and 
execute your program one step at a time. 

To see the 2ndJ E;Sii key sequence in action, let's go back and key in the simple 
program we used previously to compute pric# markdowns : 

Plan Diiplay/Conifnents 

EO I2ndl GEl 2 OJOO Cleans machine, fixes decimal at 2 


places. 


Ijtiwll ICZI 

"^ 4Q r^l = ] gndlCB 


00 00 Enter learn mode 
06 00 Kay In program steps 
0. Exit learn mode 


[2ndl EEd 


Now to go back and review thii program using lha land! key saquerKe,^ just 

perform the following key^rokes i 
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PROGRAMMING KEYS AND EXAMPLES 




Pres 

i5nd] 


irT?! 


Displ^v/Comirwiiti 



Beset and enter learn 

09 85 

Step 00 

01 04 

Step 01 

02 00 

Step 02 

03 22 

Step 03 

04 85 

Step 04 

05 88 

Step 06 

08 00 

Step 05 

07 00 

Unpro^rammed steps 


1^: ^ 

,^ndO ^ 

(Leave vour cakuletor on for the nsxt exampFe) 

Not/cn again that four disiu appear Ifi the diiplsy. The left two digiu tel) you the 
CBlcutatOr'i program itep number location. The right two digits are a number code 
that teirt yoo wha t keynroke that particular nap wilt execute when the program 

runs. 

If you continue to pres* tlie Ea| key «<}uence while your calculator l* in learn 
mode, It will 90 to step 31, then repeat bKk to step OOh 
BeffiT toi>a^ 57 for speciel programnniinfl notei. 

KEY CODEE 

The key code your calculator u»$ to Indicate each nap is a fairly itraightforward One. 
The two digit* Simpiy represent the row and Column number* of the key in question 
(except for the number keys [JQ through CE which are reprasented by their 
number . e g. OS represents etc.I. For second functions prt your calculator, the 
keycodes for the column are 6,7. S, Q, and 0 rather then 1 through 6, a* shown in the 
uid^ram balow. 


Code fnr IjSiidl IQ3 is 


31 (row 3 Cdlumn 1 li [§^11 
42 (row4 coFumn 2 is Elj } 

Oa (number key rff~l | 

6& (row 5 column 5 is r~ I J 
Ca (numbif key CSl ) 

85 (row 8 cofumn 5 is ( = J J 

Column numben tor second functionf 3 

Columns 1 

See Appendix D for a ajmplete list of key codes. 


^ TE-ai*jai 

^ 1^] 
_loQ tO^ »; 

tS] CS EM 

«*■« 9 Mm Ci»T 

gg [«g rg) rwi rm 


*- Carmi W 

[Hi ixi m [s 

*- P*** ta-wd taw 

CJH 131 EEI ® 

rn^mrm ppii i 4 

[z] cs m El 

f- c ia^ii 4,i| f 

few m m tj] mJ 

Pl-’l npl Lne ihi acn^lil 

tXi cn ra t=] 

7 8 9 0 

2 3 4 5 


Bows 

1 

2 

3 

4 
B 
6 

7 

8 
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PROGRAMMING KEYS AND EXAMPLES 



Hwdisplsy 65" wJli you that step 00 it fjrC] , di^fav '*01 03" tallt yoy that 
step 01 i* 3, and so forth. Ah of the k*ys u»d in your program are ditplayad with 
thair kay codas when you single step through "learn You can check to sea 

if your program is entered properly using thisnwthodp 

If a step is not entered coffectly (or you want to change it} you can enter a new 
keystroke at any step by iimpty keying it in. A new kaysttoke will "'writH over ' 
and rfpiaca any step that's already there. (The display will then move on to the 
rwxi step4 

NOTE ; When entering the second function keys, pressing ISndl and then the desired 
second functlor^ uses only one of your 32 allowable program steps. 

Let's go beck and modify the program you now have in the calculator to di&couht 
30 % instead of 40 % (change the 4 to a 3). (Notice ; At this point ytn^ Mlculator 
may have switched over to fts power saving display - pressing ^n^ ^ftdJ restores 
the display — even in the learn mode). 


Pvesi 

Display/Cotnmenti 

msi 

0. Leaves learn mpd« 


CI.OO Return to step 00 

1^ HiS] 

00 6$ Enters lear n mode 

Now we'll single step to the 4 and change it to a 3. 

|2nd] ^ 

OT 04 This is the step we want to change 


to a 3. 

m 

02 00 The 3 has replaced the 4 En step 01 


and the calculator has moved on 


- showing the eon tents of step 02. 

I2.ni OHS 

0* Leaves leam mode 

Now the program diicountt 30 % imtead of 40 %. To see this, let's use our modified 

program tocaLculaiE 

: a sale price with 30 % discount. For exarnpit, find the sale pric^ 

with 30% dliicount. 

For example, find the sale price of an item regularly costing 

C3S.9G. 


Prese 

Display/Connwiti 

IJnSj 

OjOO Resets to step (X? 

25.95 

25,35 Enters the regular prkse 

Now start the program 


1Qpl7 The sbIb price is £18.17 
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PROGRAMMING KEYS AND EXAMPLES 



To i^ont^nud to find other 3Q % discounted items, press SfwJ] nm ^ enter the pf fee, 
end press gnd) EE . Noi^ver^ if ypti heve se^erel discount itfmi, you can save 
yourself some effort hy including 3jnd] EHi « the lest step of the program. 

USING the reset KEY - CSi ^ INSIDE A PROGRAM 

When U03 is^ntered as a program: stap^ jt tells the calculator to return to step 00. 

By placing a gnd] EH] fmtruction right in your programs, you can eliminate the 
need for pressing 2M) EHj each time you use the program. 

L«*s write a program m discount the number you enter In the cUiplay try 21 %h 
T his time to use the program, youl! enter the regular price end press ITEj . You 
want the calculator to then compute the dlscciunted price and stop, and have it 
ready to reset automatically for the next cstourailm, Harass how you can do ft. 

ENTERING YOUR PROGRAM 

Duplay/Convments 

D,M Clears ell reghtorsand fixes decimal 
at two places. 

00 00 Enters learn mode. 

01 00 Enters program you want, 

06 00 Tells calculator to stop. 

After running ihs pru^am once, the program counter would itop at this R/S j nstruc- 
tion. Now you can tell the calcuFator to resat ''automatically'' to the beginning so 
you can enter a rww price, start the program again, and have the program reset auto- 
maticafly and compute the discount price. 

GHl _ 07 oo 

l^hS BUS EBQ 0.00 Exit learn mode and reset for the first 

calculation, 

Running Your Program : To usa this program to find the sale price of items ceming 
£21,95. £11.42, end 117:87, |uft enter the regular price of each fiem and start the 
program. 

Pres* 

25.91 
15.42 

17.87 i2ndl EB 


Dlipfay/Commerifti 

19.46 Sale price 
11.17 Sate price 
13.40 Sale price 


Press 

I2fld1 d [2nd1 QQ 2 





I 
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PflOGRAMMlUG KEYS AND EXAMPLES 



Automatic ftset is a CDfwenient too! to h&lp make i% easy ytNJ lo tbii program 
for many items as you ne«d to compute the discount. 

The examples thus far you a basic understanding of your caiwlator'ifaur pro¬ 
gramming keys, Ho\Ar#wer^ before moving on to more programming eKampreb^ let's 
briefly look at how you enter the numbflr& you need for your program calculations. 

DATA ENTRY 

Every program you write of necessity involwes using some data for calculations. 
Because of this you need lo be aware of htyw to enter data for your program to use. 
Basically there ar^ two ways to enter data Into a progrann neither from the display, 
OF by recallirvg the data from memaries. 

One of the simplest methods of entering data for your program is to just u« the 
number in the display. This works well even if you need to artier nwro than one 
number sir>ce you can always include e 9nd] EE in the program to stop and 
allow the entry of the second value. 

Another way to entar dsTi fs to itpra it in memofies [eKhar as pan of the program 
or before you start the program) and then let the program recall the nombari from 
memory m needed for the calculation. 

With this in mtnd, let s go on to more program axampiK. 

Mai} Orikf Progrtm 

You work in a mail-order discount house arxd fill 7b to TOO orders per day^ diS' 
counting the hst price by 20 % and adding Cl.SO tor shipping and handing. An 
average calculation looks Ifkethis : 

66.16 El 20 tKl 1311 1.6 E «.«. 

You puih tha ume kav 5 owaf and over all dav (onj. Why not l*t tha cateutator puih 
the keys (or you ? You can by using this simple calculator program. 


Prau 

Disptay/ComniHnti 

|2rSi IS [Z^ 03 2 

0.00 

'Clears All" and f iKes decimal at 

2 pUoH 

I2ndj tEH 

00 00 

Puts cabculator in 'Learn'' mode — 
allows you to teach it step sequence. 

E 20 IS 

04 00 

Discounts cost by 20 % 

1.5 E 

09 00 

Adds handling charge 

Kncil ES 

10 00 

Stops Program 

ESi 

11 00 

Resets program back to step 00 (auto¬ 
matic reset) 

|2nd| n33 

0. 

Leave learn mode 
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PROGRAMJVKNG KEYS AND EXAMPLES 



Now use ihe prograrn to find tha fiiwl ordar prica for tdeSB orders £29 96 £32 50 
tl6755and£2DjM, ' ’ ' 


Prew 



^n^ liHi| 


29,95 


njQ 

32.50 

^ndj 


167.95 


UE 

20JX) 


m 


O iipfay/Commeritf 

0-00 Rewti CBlculaior to first program 
step for first csiculatton 
25,46 DiSCOUNT PRiCfi 
27SO DISCOUNT PR iCE 
136.86 DISCOUNT PRICE 
17,50 DISCOUNT PRICE 


SPECIAL TRICKS 
Pauw Funciioii 

The pause key found on some calcuHtois allows the user lo l«k at a number within 
program for a moment before the program moves on. You may accomplish tfw ume 
effect w(th your calculator by anterlng consecutive E's following s numbw you 
Want to obsarve during program operation. 

Example; You want to double a sum of money each day for several days, and watch 
It gfow during the prcxas^. 


i*reti 

^nd-ia 
!2ndl B2!l 

CxI 2 E 

['51! 



2nd I PnSj? 

Dazi 


Ditptey/Commants 

0 . 

00 00 Efltflf I tern mode 
03 00 Doubles displayed value 
04 00] 

OS 00 
06 00 

07 00 Holds ntw value on display 
0® 00 fdJm. but readable! 

0000 
10 00 

11 ooj 

12 DO Resets calculator to 00 
0. Exit learn mode 


To run the program, enter the initial number to be doubted, press EHi 
EE and watch the diqilay. You can actually see the number grow I 
If you want id double the number 20 times, you must count the number of times 
different number^ appear on the display. 
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PROGRAMMING KEYS AND EXAMPLES 



Continuous Loops 

The previous program is a good example of VMhat isoslled a "continuous ioop", A 
foop is a prograim that will continue to repeat over and over without HMtra instruc- 
tiom. In thi^ way, your caicuistorcan perform many calculations in the time it 
would take you to manually make one or two "ioops^^ through the problem. 

However, as in the preceding program, it's difficult to count (and remember) one 
number while watching another number flash on the Using some clever 

maneuvering, though, we can progriirn the calculetor to keep count for uf as \i 
works the problem. 

Hare's the above example rewritten slightly to include a "eouming'' sequence. 


Press 

Ptiplay/Cofnments 


0> 


^ DSZI 

00 OQ 

Enter learn mode 

lllxl 

,_JLj 

II 

tl 

II 

02 00 

Double number in display 

rasracK) 

ID 00 

-Taose'- 

il?5| 1 

12 00 

Store nunr^r in display 

|i^ 3 

14 00 

Recall' step number rtored In 



memory 2 


16 00 

Add 1 to number of steps 

II 

If 

II 

II, 

r -i 

24 00 

'^auM^' 

UP] 2 

2600 

Store new step number 

[RClI 1 

saw 

Recall number to ba doubled 

^GSl 

2900 

Reset to step 00 

|2n^ UUa 

To run the program i 

0. 

Exit Iwn mode 

Pres* 

Display /Cd mine rrti 

1 

2 

Op 

Reset calculator to step 00 

ICLfli 1 SEO] 2 

0. 

Clears memories 1 and 2 

1 

1. 

Number to be doubled 

Uni EE 


1 doubled {Value flickers in 
display) 



Loop 1 



2 doubied 



LfHDp 2 


PPgi^ 

4 doubled 



Loop 3 


■^16" 

i doubied 
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PROGRAMM^G KEYS AND EXAMPLES 



The edventage of thi^ program ii that It counts for You must stiW watch the 
display careful ly and stop the program on the the desired loop. You 

may ihen press gnd| |£i| , stepping th* program through to the '‘doubieci'' number. 

-'ll; 

This program h rasier to use than the first. However, the ideal way to run this pro¬ 
gram would be to have the calculator stop after it has completed a specified number 
of loops. 

FIMTE LOOPS 

Your cabcuLetor does not have special keys whioh would allow you to set ceftain condi- 
tioofi like stopping after a specified number of loops. You do, however, have accirss 
to certain operations will stop the program whenever these operatidrts are er>- 
countered, These are calied 'illegal'" or undef ir>ed operations. Here is a short lift of 
undefined dperations i 

Preu Difplay/ComiOMts 

0 [5j '*9#a#9«9i09"{FlMhifig} 

0 9.9999999 99" 

[%«* “ 9 9999999 99"' 

For a list of "undefined operations/' see Appendix B. 

By using these '"undefined operations" you can cause the program to "stop in jb 
tracks'", Here's how ; 

If your calculator encounters the irutruction "90 ptiNs'it will stop on that pro¬ 
-am step and flash 9’t in the display because the tangent of 90° is ar^ undefined 
operation. In the last prograrn, w« yuera doubling a number a cenein numb? of 
times, If we wanted fa see what 1 doubled 20 times was, we had to manually stop 
the catculalor on Loop 20. 

You can have the machine ^top itself after 2D steps by inserting an illegal operartion 
at that point. We know that 90 1^^ will stop the machine, right ? OK« to stop the 
machine after 20 steps, just subtract 20 from 90. Insert 70 into a memory and have 
the machine add 1 to Iteaeh time a loop h completed, then find I I of that number 
When it tries to compute ten 90^^ the program will stop. Here's how the program 
would look : 








PROGRAMMING KEYS ANO EXAMPLES 



Prau Diiplay/CofninMiti 


Mia 

f2nd[ 

00 00 

Enter learn mode 

LX 2 

03 00 

Dauble number in display 

ISrPl 1 

05 00 

Store results of doubling operation 
so it can be recalled after program 



stops. 

ScC 2 

07 00 

90 mirtus num-bar of loops dnlrad 
stored here 

"+■1 1 [H] 

10 00 

fncrtment memorv 2 by 1 

5 

12 00 

Store 

LMinJ 

13 00 

Check to see if memory 2 is equal to 
90. if it is^ program will stop on this 
step, if not the program cordinues. 

rncE 1 

16 00 

Recall number to be doubled 

I2n£ ES] 

1000 

Reset machine to step C90 

iZndl |£1 j2I 

0. 

Exit learn mode 

izndi rm 

a. 


To ryn it 1 

Pres! 

0 iiptay/Commanits 

70 

70. 

Store 90 minus number of loops de¬ 
sired in mBfnorY ^ 

gniESl 

70. 

Reset to step 00. 

1 

1. 

Enter initial numbef to be doubled 

[2n^i 


Run program..... 

...program stops 

t 

1046576. 

1 doubled 20 times 


The ahove resulu can aEso be achieved by rsclEJCing s number In a meinary to wo, 
and taking K* rectprocef each iicne [ 1/0 ^ '^'^.9939999 99*^L 

Zero Check 

Tha method previous^v ihown can ba UMd if you know tha axact numbtf of toopi 
you want to execute. If you do rtat kniiw how many loop^ you want to make, and 
limply want liie answer to a problimn^ you can usa what well call a "Zero Check", 

Certain typei of problemi can be solved by using an iterative approach, The Hqur 
tion you use must be structured so that h "closes in" on the oniwer in succeeding 
steps. As succeeding steps become closer and closer io the answer^ the difference 
between the steps approaches zero. 













PROGnAMMIPjG KEYS AND EXAMPLES 



When £ero difference it achieved, the celculetor has solved the problemn By using oyr 
^'Zem Check/^ the display can l!>& madie to flash when the ce^cuiator has solved the 
prohiem. 

Coniider the foliawing equation : 

fU) + x- 1 -0 


By apkplying Descartes' rule of tl^is we find That thti equation has only one real po¬ 
sit hie rooL We can approximate the raaf root by writing the aquation as : 


X 


I 

1 


Wa ten rrow construct an approximation routine using the fofin i 


Xn+1 


1 

1 + X*P 


The program Wf>uld look Ilka this : 

fVess 

Display/Comifwiti 

12rid| ^3 [2ndi QQ 4 

OjOOOO 

Clear alhflx dicimal at places. 

f «i lEEl 

00 00 

Enter leBrn mode 

+ , 1 r^nn 

05 00 

Equation 

eg 

06 00 

Sets accuracy to 4 places 

ffl® 1 

OBOD 

Store first ^sproxlmatlpn in 

2 

11 00 

mamory 1 

Subtract secprid approximation 

11=] [S 

13 00 

from first approximation 
"Zero Check" - if memories 1 and 

1 2 

17 00 

2 are equal, 

Difference is zero-display flashes. 
Store latest approximation in 


19 00 

mamory 2 , 

Reset machine to step 00 

l2n^ 

0. 

Exit learn mode 









PROGRAMMING KEVS AND EXAMPLES 



To run it : 
Pr«» 


Displny/Commeftti 




OJOOOO Rfrset pro^rarn m GO 




'"9.9999 99" Rvn prograrn * *. pro^m stops 

0JS6Z3 Answer oorract to 4 placet (to see Sth 


gUg itCL 1 


digit, press OQ 5) 


progaamming notes 

1. When pfagremming, you msy use mafTitirv registers 0 through 7* Registers 9 and 9 
are reserved for program steps 25-31 and 17 24 respectively. If register? 9 end 9 
are used^ the program can be up to 17 steps (OO-lG) long. 

2. When programniinga problem that resiuires second, inverse functrons (such as 
arc sinh} be sura to press the tnvsf^a key More you press the 2nd function key. 

3. Wher^ writing a program, you may use the [cIrI key within the program, but 
not the HSfli m key, at the B9| key will clear the whole calculator, 
includrng the program. 

4. When working Linear Regrassbn problems. Registers 1 through 7 are dedicated 
to Ufa by the rmachine. Al$o,a rnurinnum of 24 program steps (OChZ39 is allowed 
when working Linear Regression problems. 

programming applications 

Approximating Oeiivatlvas 

Your cal^culatorcan also eid in the approximatkin of dertvatives. For example, let's 

approximate the derivative of f(x) = sin x at x^ - 45^^, or t^A radians. Recall that If 

f(xi =£ fin X, then fix) = cos x. Also, 


fM - limit 


f(Xg + Ax) — ffXg — Av} 


Ax-i-0 


2Ax 


lin jff/4 + 0001) ^sIMtt/A ^ .0001) 


2 (. 0001 ) 
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PROGRAMMING KEYS AND EXAMPLES 



Enter the following program i 

Pr«u 

[^ndi] BB 'iiict] 


□ itpt«V/Comment* 


1 [ JlJ 1« 

LS L -cm 

.-J!^ 2 

:s5]_i^ :+z 

2 it ■ lHd.12 

mciij 


Und; (332 

To run it 

Prmt 

EBi:+] 


0^ 

00 00 

Enter learn mode 


06 00 


[BCLl 1 

1100 


m 

16 00 


m 

IQ 00 
2S00 
25 00 



26 00 

Stop 


27 00 

Reset to step 00 


0, 

Exit learn mode 


DifpiflY/Cofnimnti 

4 I ^ I ISTOi 1 0.79SS962 CalculelH in radurt&aiid store in 


.^1 'Ml m 

^nd' CEsI 

Snd ] tSB 

To find the difference between T 


[mia 1 

lew 


mennorv 
.0001 Store Ax in rramory 2. 

0. Reset mechine to 00, select rediene 
mode 

0J07tO76 Value of ffirMl 
{ir/4} ind cos (it/4K 

DispUy/Cafnrnents 
DJ893i92 K Ittrediens 

QjoooOoob differetice 


SoMng Differential Equations 

Suppose that we have a differentiai equation of the form y' = f (x,yl, v{0|= a. Appro¬ 
ximate solutions can be obtained by using the following recursive equation ; 

Yn+1 -Yn + hfiXn + YnJ 
V'-X + Y,YiD1-0.h = 2 

recunfon relatidn bBOomes t 


Where 


Yn+l -¥n+h(Xn + Vn) 
Sn ■ nh 















r 


PROGRAMMING KEYS AND EXAMPLES 



By irvspection, the velue of Yn+I ■ 0^ W4tti n ^ 0. Thertifore, the calculatxir solution 
will be^n with n « 1 aid h ■ 0^2. 

Enter the following program i 


Pnn Diiplay/Camriwnti 


2rtd] 

0. 

Clear all memories 

jlnjl] 1133 

00 oo 

Enter turn mods 

1 i + hTOLi ? 

QSOa 

Yn + h 

1X -CEj 

08 00 

C£ clears ail «itriej back to last 
w/nbar entered (h) 

;xii^ 3 

11 00 

n 

1 ¥] |HClJ 1 

1400 

Yn 

[ = jl^ 1 

17 00 

new Yn 

1 eysis 

20 00 

Add 1 to n 

iroj 1 

22 00 

Yn 

EE 

23 00 

Stop prooram 


24 00 


OSH 

0. 

Exit learn mode 

To run St: 

Frea 

Ditplay/Cominents 

^ 2 

0^ 

Store h in memorv 2 

1 [ST^ 3 

1* 

Sfnre n In memory 3 

[2iHfJ ^EEi ^ndj liLi 3 

IjOOO 

Reset machine to step 00 

Fix decimal at 3 places 

|2i^ EE 

0.040 

Yn In - 01 

^EE 

0.128 

Yn (n- 11 

|Sm Tables p. 60} 
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PROGRAMMING KEYS AMD EXAMPLES 



n 

Xu 

Yn 

Yn +h(Xn +Vnl 

Actual 

Y-Valu* 

0 

OjQ 

OjOOO 

0.000 

0.000 

1 

0.2 

01300 

0.040 

0.021 

1 

0,4 

0.040 

0,129 

0,002 

3 

0^ 

0.126 

0,274 

0.222 

4 

0^ 

0.274 

0.48S 

0.426 

S 

1i) 

0.4Sfi 

0,786 

0.71B 

6 

1.2 

OJBS 

1J13 

1.120 

7 

1,4 

1.TB3 

1.700 

1.655 

B 

1J 

IJOO 

2.360 

2.363 

9 

IJ 

2^60 

a.102 

3.260 

10 

2.0 

3J92 

4.230 

4.389 


NOTE i The accuracy of the above algorithm can be increased by selecting a 
Smelter value of h. 
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Measuring & 

Forecasting 

Trends 





INTRODUCTION 



KrvawladQ6 about CarKl sorofi control overj w^at wU\ h4ippen faWre is an Im¬ 
portant aspect of managtng soy of businest imt^rpri&a rOE^. Tfie more you can 
prad’k;t about how prioss wfll v&rv ; how wW a sales force will perform ; how advartf- 
sung will affect sales; etc", the essier it will be to make sound decisions [navariei:vof bu¬ 
siness situations'Knowing how well 0 F>e variable wil^l relate to another can allow you to 
make better things happen in your everyday Irfe^is-well as your business f 

Thefoik>wing examples illustralje some techniques ^Imed it m^ingprmfictfQmof 
future pe/iormence dased on past **track mcorefjs" We'lt elio diKiuss tools for ma¬ 
king decfsions about wH&ifiur or nor two veriebfas ora rsfated, and if so, how much 
you can t«iy on the relationship in "driving" your business. Your calculator is 
equipped wuh speciaf keys that can make handling the maths involved a cinch f These 
keys handle what statistFciens would call the techniques of fttwar f^resston and 
^frafotion. If youVe not featly familiar with all tlit '"ins and outs"' of what these 
words mean, that's not Important. What k important U that they're the names of 
very useful mathamatical tools that your calculator makes easy to usa. 

Key] to Unaar Regression - 

or. Straight Line Graphs Made Easy 

The "'linear regreision'' pert of your caiculacor includes the 1^2’ and keys, es 
well ai all the second function keys on the rtcihl side of the machine labeled 

SSm SS IDEB31^1 

Basically what these keys dn is allow your calculator to mathematically draw the 
"be st fitt ing hny^thraugh a series of data points. You iust key In your data with 
the and [g-f' l keys. While you're doing this, youp calculator keeps up with you 
oonstantly ■ "^drawing" the best fitting straight line through these points. The^asic 
elements of how them special keys are used were discussed for you in Cftaptsr /, In 
this chapter we'll go through a brief review ot the process with a little more detail - 
so youVe sure you're using the keys opirectly before we move ofl to caict/hn'ng 
batter deofSiam. (The techniques described in the chapter will allow you to foake 
predictions on any process or operation that can be assumed to follow a straight 
line pattern of behaviour). 

Example: Let's say you've got some data - It can be about any sort of procoss or 
operation, but it's the best "track record" you've got - and you need to make some 
future pradictions based on It. Qgia such as thJi Is often evpressed m terms of pairs 
of numbers labeled with the leitors te and y such as those tabulated below^ The 
points caukj be "plotted ' pictorially as shown . 
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INTRODUCTION 



^ y 


1.B 

2.26 


3.0 

3.0 

Five data 

4.2B 

6.5 

points you 

6.0 

3.5 

*/wvv 

8.0 

7.0 


12 

7 

Fradictions 

? 

1t2B 

you need to 
makA 


¥ 



Now. X and y ciri he any of a v^ariety of with sorriB rotation between them, 

4Thousands of pounds of ftdvertisJng vs. sales volume hundreds of units i emplO’ 
yecs' scores on an txam vs. performam^^ etcj. Your task is usually to make predic¬ 
tions based on the data ydu've^. Typical things yov might need to know in this 
case coukJ be ; 

For a given x Value (say x “ 12L whai will the value of y be ? or 
For what jr velue wilt y reach sorne specif rc number tsay 11 ^Sli ? 

You might atsu like to know sonnething about how accurate the predictions are, M 
wail as how you cen make additionat predlaions easily at a later time. 

Nereis how to use your calculator lo help : 


Steps in Calculatififl Prsdictkms and Fofscafting Trimds 

First, errter the mtormation you havs lyour deia) es follows ; 

Enter each x value, push # enter the corrs^ondff^ / then purah SjB , 
Repeat the process for all the data.: 

For the data tabulated in our iKampJe : 

Press Piiplav/Comments 

0 

Notica that the 

2. calculetor Keeps 

3. track of how 

4. many data points 

5. (pairs of x and y valutf 
that you enter! 

As you enter the date,, your calcuiator is storing end analysing It. 

/Vow, if you find to predict a y wafuff, fora §fvmn m vafue just; 
enter thex vaiue, and press .^ndl Efl ■ 


^=‘^7l2.25[»±l 
3.0 3-011+] 

4.25 B.S [IB 
6.0 i*^ 3.B SB 
B.0 !^i7.0 [1+] 
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INTHODUCTION 



in our case we need to know : tor jf ^ 12, what wil( y be ? 


Dispb^/Oommerit) 

12. SncC Bl B.a8S202& Mhe ^ value 

for a - 12. 

If vott want to 9 Q tha other wav' that Is, you have a v value and neefd to know the 

corresponding x value : 

entor the y value, than press |fn£ Q|, 

In quf case we want to know at what x value y w1M reach 11 2S. 


Press 

11.2B gnil^ Ql 


[>»plary/Ca rnmanti 

15 . 793 Sd - the X value 
for K ■ 11.25 


To get a picture of how weff PAc dats oarmhtes 

pr«ss i&id] SEES- This displays the iorr^fsttoo coefficient fw the line. 

Incur case : 

Display/Cornmems 

SO 0.8097625 


About the Corre^ion Goefficient 

The ;2riii ,*f*ii'ii hey sequence displarys the conolstiao coefficient of the two sets of 
data U's and y* 9 i, A value close to plus 1 indiicates a high positive oirrefation end a 
value close to minus t tndicata a high neoative correletion. A value of aero indfotes 
that the two lats of data are not related. 

For example: Suppose your compiiiy gives two tests to new employees - Test A 
and Test B. If there is a high positive correiatlon between the two tests, then you 
can pfsdict that an employee who scores high (or towt on Tesr A will also wore high 
Idt lowi on rest Br On the other hand, if there is a high negative oorreletion between 
the two tests, you can predict that an employee vvho scores high tor low) on Test A 
w^lll score low (or high) on Test 3- If there is no Gorreletion {correlation coefficient 
equals 0), then you can say nothing about how an employae's performance on 
Test A relates to his or her perf ormarKe on Tftsr B. 


Slope and Interispt 

To find out more aboLrt the }]ne^ press 
slope end intercept of the llne^ 

Press 

IQB3 


^nd] ISMiU arxi I2h^' TBS to display the 

Display/ Commenii 

0.6225775 

1.417Z723 
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The slope of the line Is the ret» ol ill "rise" to fts "run", white the intsrcepl Is 
where it crosses the V Wtis. Any itnlHhi tine may be expressed as an equation most 
commonly written In the forin ; 

^ ^ TTur + b 

Where m Is the ilope vaCue and b Is the intiircept value. 

Using your ratcu lated vs I lies you could then wrtt9 nn nquaikm for the l ine hint 
fitting your data as follows t 
K=(.62)ir+1.4? 

{Wh«re we^ve roundad off the slope and interE:e^t) 

You could then us« this equation to predict a y value for any selected x value with 
a simple calculation liier on, without having to re-enter the data each Uma. 

Putting It Ail Together 

So, using the Einear rqaression and cjorrolaiion keys can give you quite a bit of fnfor^ 
mat ion about land anelysis of) y our d ata. To use the calculator to do this, you luit * 
Enter each x value and press 
Enter each y value and press ' ^+ 1 

The calculator mathematically draws the "best fitting line" for your data-pointi end 
you can uie the Information about this line to predict; 

Given any x value, what is the corresponding y value ? 

(enter the value of press i^Zndl Uf: ) 

Given any y value, what is the cofTBsponding x value ? 

(enter y^ press ^hd| tSi ) 

You can also get an Idea of how well the data correlates. 

(Press Bind ! ^^7?? ^ ihe doser the dr^iay r^s to plus or 
minus 1 ^ the bett^ the oorrelationL 
To calculate the slope ^d I nterce pt of the line : 
press 12^ aiSB and f2n^ lUGU 
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INTRODUCTION 



The foKowii^ dkagram ilfutlratvs ali of this for you i 
After entering the K. y coordinatn of the known veiues 



Th6 refit of this chapter covers a few examiplefi of how these procedures can be 
helpful in calculating better decisions. 
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PREDICTING SALES FROM 
ADVERTISING (Linear Regression} 



Lflt'i &Y company hai rscently itorted adv^rtisiog in a new medium luy a wriesI 
of magazinesl, un a vmf^ly basil. Tha marketing has a record ot the arnoum 

spent on advert ising each weak UJ and the corraspqndirig salat votume |y} and there 
seams to be a fairly good reUtlonship. Hit question of yoo it: what would the es«- 
pectad satet wolume tw if £4750 Is spent on magazine advtanislng rwjct weak ? 


Amount Spent on Weekly Sales 

Adven ising U) Volume |y) 


i lODO 
£ \2SQ 
£ 1500 
£ 3000 
£ 2500 
£ 4750 


10T.OO0 

najMo 

T6S,0CND 

209,000 

264,000 

??? 


Target i You wem to predict what will h&ppon, in unit sales if your edwrtiiing 
budget (x} is incraasad to £4760- using the ’'b«t straight line" approx I mat ionn 



® 

Toob ; You'll be using the ttnsar rsgresstotJ redtura of your calculator 
to help predict the result. Firsts you'll be gntariftg your dam * 

Enter £ in advertising ! 
press l**^yi 

Enter corresponding unit salat t 
press @£0 

To make your prediction you'll enter your trial advarfislng £ value, 
artd to ftnd the predi^Miad result just press I2ffdl m . 
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PREDiCTtMG SALES FROM 
ADVERTISING 



You'll note i pause when you press ihe EB key - before the rtsuU is dls- 
That's because your calculator has the chore of hendHng the tinoar ragr 
t4on calculation {not youl, Here's the Ibrmula for what it's rtoing. 




(M 

N 


-Sx.^ J 


X [your valysl 


N 





IThink of the "fun^' you^d have doing this calculation yourself Ij 

{To find out about how well your data oofrelHtes to a stnight [tne, you can pr«* 
Shii SIQI display the eorrelfition coeff icteni, A value rieaf one means a fairly 
good linear oOfrelation). 

i 



Oisplay/Camimnu 

L^IO 

0 

Clears entire machine 

Sndj BQ 2 

OsQO 

Sets display to read out 2 

Enter the E data points : 


decimal places. 

IQOO [^wil 101.000 [S+] 

TOO 

Calculator 

1250E[!'rl 116.000 [*+l 

2.00 

displays the 

1500 l?^l 166.000 la+l 

3.00 

number of 

2000 &li 209,000 [a+l 

4.00 

(if, kJ points 

2600 [*|yj 264,000 IfB 

5.00 

entered 

Nqw« to find the / value 
for jff = £4750 

4760 1^1 EH 614672.41 

Based on the best straight line approNlmation, the 

projected weekly sales volume 

for £4750 spent an advertising I* St4,672.41 units. 

Now to check out hew good you and your calculator made : 

Press 

Diiplay/Com menti 

3SIII 

Nearly perfect positive correlation ( 

0.90 
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PREDICTING SALES FROM 
ADVERTISING 



Decifion Time : You're novv in a position to meke predictions future 

s gl-esbe stic) on advertising. Your correlation coefficier^t seems to indicate tfiat tfia 
prediction will be »9ood one ■ but rarpemtrer the total number of data 
points votj're working with ti small - you have only 5 points upon 
which to predict the future. As it turns out there's a way to further 

_ analyse your correlation that aibws you to taka the number of data 

points Frrto account (see Going resection)' 


sales beset 

1 


So, to gat down to a decision at this point - you roighi take a bok at the Fncreasad 
cost, weight that against the increase in sales that you predict will result - and m 
it It's ''worth it''* 

Press Display/Cornments 


47M L.~ I 2500 [ ~~| 22&Q.0D Amoynt of advertising 

_ _ increase 

SI 4672.41 Lzd 264.000 HHI 260672.41 tncreaw in urill Ulei 

predicted 


"Cause arrd Eff ect'* 

^k)tB an important point hero. Strictly jpeaking afl we've shown in ibis example is 
that a definite rB/stion^htp ejcift? betwean advertising and safes. Be tarefui about 
drawing oonofusions about cbu^ and In this cast, you can probably be pieny 

Sure that your ad van f sing is pushing your sales up - but in other rases, the "cause 
and effect" relation may not be so obvious. Two variables that ar# related to a fitird 
can show a relation to each other ■ without a "cause and effect" relation betweerr 
them. 

For eKampte, you may have data on children that relates manual dexterrty Het'i say 
the time to finish a simple jigsaw puzzle) directly to mathematical ability {perfor¬ 
mance on a maths teat]. The relation may show quite a good carrelatlon coefficient. 
It mav turn out, howev^^ that age is the dominant factor "driving" the variables. 
Further analysis may show that the older children ruturaily display both better 
manual coordination and mathematical skill *and that if your sample Is rertructtired 
to include only childfen of the same age - an anttraly different relationship may 
result- So be careful about how you apply your rvsuUs in rnakingdecisionSs Cor^sider 
the makeup of your sample and exactly what you*re measuring and testing. 
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FREDICTING SALES FROM 
ADVERTISING 



Going Furtlt«r : ComlaCiDn Factor Valklity 


A& we brief [y mentiorbad - In this eicample you'rt predicting the future on 
only five date points from the past * and that^s not much lo go on. In general the 
le» data you have to go on* Iht more "chancey" your prediction wili be-. As It turni- 
out there's a quick way tn get a measure of how valid your oorreUtlon factor is 
yrwJer different data condjtbns. (As a general rule* if you don't have much data - 
unless your correlation factor is quite dose to plus or minus one - you can't be too 
sure of ilL 

One procedure for a quick check on the valldiiy of your corraiatlon coetf tcsant is 
aifollqwE : 

a) Deckle how sure or valid you'd like (or need) the correlation ooeffic^ant to ba - 
say 95 %. 

b) Locate the (tost correlation coefficient] value from the table at the end of 
this diapter - tor the degree of certainty you've selected, end the number of 
@n>ples you have to work with « {don't worry the "degrees of freedom" 
column in the table for now). 

c) If your calculated correlation coefficient is greater than you can be certain 
(to the de^ee selaciad) that your straight line approKlmatlon is valid. 

In our case, the cstculated correlation coefficient is ^e compare this to the 
r„ value ; at 95 % certainty for 6 samples (find this value in the tables) : 

- .878 

Since our correlation coefficient is greaier than we can assume that our correis- 
lion coefficient is valid* to a 95 % degree of certainty. (Being 95 % certain of a asti- 
elusion means that 95 times out of 100 you will be CArrectL 
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STOCK DIVIDEND 
PROJECTIONS (Trend Line Analystf) 



You'll find many Ffrtlancw when yoiir data ia collectBd In th* form of a nriMof 
yaarly fifiuros - and your |ob It to predict what Will happen in yean to come. 

This type of prediction mvolva what natpsticfans ceil 'trend line analvilt" > which 
Is really Just a special type of linaar regreHion, Your calculator hat features that 
mak« trend llna analysis easy, 


ExampTfl i A stock that you'w bMn ka«ping your ey* on has raporrad the following 
earnings per shana durir^ the past few veers ; 

£ 1.iain1972 
1.361111973 
1.B3 In 1974 
2 17 In 1976 
3.60 in 1976 


You'd like to pfOdicE tl>B carrtin&s per shara for tKe next three yaafs. You'd also like 
to know in what year you could expect the earning^ pet share to reech £6.50. 


Tar 9 et: You wish to enter the date you into your calculetof ^ and then use 
trend tine analysis to make predictiofit. You'd also like some feeling as to 
how well the iwo sets of data ere correlated. 


© 


Tools! First, you'll enter your d»te. using the 1^x 1 end STI keys. In this 
case the "k" values are a series of yiert in setfuenca, end the "y" values are 
the stack dividends recorded for each year. jData for a series of StiCOessive 
y»rs is oammon for trend line analysis situations} 


Now - here s an important feature - for Trend Line Analysis your calculator will 
automaticalty add I to the x variable for you. This means that ; 

You can enter the first X value (uy the th-it year, 1972} and press , then 
enter a y value (say £1.52 earnings per share) and press Hil. The first data 
point Esentfifod. 

Then : 

You esn enter the recond data paint by just entering the y value (In our case 
£1.36) and pushing [jJ], The calculator will automatically handle the x variable 
for you - incrementing It by 1. 

This wElf come in handy whenever you're anelysing data trcjni successive years - or 
whenever your k variable is going up in increments, of T. 
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STOCK DIVIDEND 
PROJECTIONS 



After your date is entered ! 

To make predicticns on earnings for future years ijuH enter the year and presi SMI 

Bl 

To predict in what year a certain leveJ of namings per sfiare will be reached : 

Enter the earnings and prais ^d] CB. 

To see how well the twc sets of data correlate : Press [indj SEI2 . 

To check on the validity of the correldtion ■ compare your corretatlnn factor to the 

chapter. 



Press 


Keying It In; 


Puplay/Commenti 


Sndlia 

i2nd^ DQ 

P*4ow enter 
t972 SZI 



1977 |[i^{ 



0. 

This clears the display 
and memorieG 

2 

0,00 

This sets the display to read out 
only two decimal places 

your data : 
tesad+i 

1.00 

Note i the calculator will 

1.35 [a+l 

2.00 

increase the value by 1 

153;i±i 

3,00 

auto rnat leal fy unless 

M7 IS+1 

4.DD 

another value it antafed. 

3.60 rii5 

B.OO 

The year sere automaticaHy 


"passing by" for you t 


Decision Time: Now, to predict the earnings for futurt years (future y 
values! just key In the year, and press KH t 

KB 9,53 Dividends of £3.53 p^r share 

are projected for 1977 


t975Snd| kb 

1979 ( 1^01 


4.03 for 197a 
4J2 for 1979 


You can now make declskmt based an the pattern of growth vDu're watching - or go 
on to predict when the eerning:s per share will reach a specified value. For example, to 
calculate when the earnings wil l reac h £j6.50 (If the earning trend contmues) ^ you just 
enter the G,50 and press EB « 

5.&0 ^ Ei 1962,97 or about 1963. 
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STOCK DIVIDEKO 
PROJECTIONS 



Going Further : If v^u^d iiko to see how well the two sets of date 
art corrtfated just ptbs t 


;2y^ 1 SflS] 


0.85 


Yoy can get an idea as to how validthe oorreletion eoeFfiekent ti by cheeking in the 
tflbft at the end of the chapter. FIfst, find tba line with the same number of samples 
you have here (&]* Now ■ scan across to the right at the values and firKf the 

first one that's f^rg^r ibi^n your t value (.BSJ. I You should find the value .8^0]. You 
can now glance up to the certainty values at the top of the table to draw a conclusion 
you can be about 80 85 % suro that this correlation coefficient is ''vaNd^M 

In thfs exemple we'U use the linear rn^ti^ion feature of your calculatorp In particular 
the com^tion feature ( SS ) to help make a decision on whether or nor two 
varisties are related. It may often appear that one factor in your bmlness life is related 
tn another - but just howcloiely they really "tracis" ii often unclear. With your 
Calculator you con get a more accurate picture of Just how much relation there Is 
between two variablet, 

EKamplet: Test Scores vs Performance 

Let's say your sales manager is spending a considerable sum on a test for prospec¬ 
tive sales empbyeas. You'd like to see If this test Is actually teHlr^ you anythina 
about how well The employee will funaion in the tie Id. Does a higher test score mean 
superior sales performance 7 How strong a sorrelatiori is there between these two 
factors irii your business ? 

Let's say yqu have samples of the test scores for ID employees, along with records 
on sales performance fl)«prtssed as the percentage of the time that each Bmployee 
exceeded his or her weekly sales goals last year. The data U tabulated betow : 


Employee 


Employee Test Score {«) 


Employee Sales 
PerformanEe ly} 


Jarry 

8du 

Joo 

Halph 

Mary 

Gary 

Dean 

Carols 

Ted 

Alice 


e 

13 

8 

10 

15 
20 

4 

1G 

16 

6 


10 

30 

30 

40 

m 

50 

20 

60 

50 

20 
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RELATING JOB PERFORMANCE 
TO TEST SCORE (Establishing correlation) 



Target: Determirie if there h a genuine ret^etiDnihip between left 
scor-et and^ sate^ performence, It sd^ what ti the retatianihip, and 
can you get a feel fcr how rellab^ H it ? 



TooU : Your calcufdior's linear regression feature can eaiily apply some high pu¥re 
red EtBtlstical mathematics to th is pro ble m tor you. 

First: Enter your data with the and [ 31 keys. 

Then ; Study the oorrelation coeffident hj by pressing SSH!, 
arid consulting the table at the end of this chapter. 


i 


Keying It In : Enter the data and detarmina the correleibn coefficient. 
Preu Dnplay/CorfKnfrnts 


^■33 0 


l^ng DEI 2 0.00 


5 

1*^1 

10 

[34' 

LOO 

13 

li^ri 

30 

[iLfl 

2.00 

B 


30 

iiS 

3.00 

10 


40 

[ 1 + 

4.00 

15 

1^ 

fiO 

m± 

8.€0 

20 


SO 

[»± 

6.00 

4 


20 

[»+ 

7.00 

ie 

m 

80 

ia4 

e.oo 

18 


50 

11+ 

0.00 

6 

l»*ri 

20 

m± 

10.00 


gnS SSTg] 0jg7 


Clear entire machirie 
including memories. 

Sat display to read-DLit to 
2 dedmel places 


To find the correlation 
factor: 

B r 


Decision Time 


1 


The correlation factor of 0.S7 tells you that there is a pratty good 
relatbnihip between the test scores and the Indicator for employee performance 
that yoy^re using. 

To get a general fwl for how valid this correlation fairtor ii ^ glarice at the table at 
the end of this chapter. 
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RELATING JOB PERFORMANCE 
TO TEST SCORE 



Ffnd the fine for the number of samples flot (in this case 10( and examine the 
vefues listed lo the fight. Your value fof r (the oorfelation coefficient *0.B7J 
fall! between 765 and ,672 listed on the tihte ■ so you can be between 
9^9 % and 99J9 % sure its a 'Validcorrelation coefficient' there is a 
definite refalionship between these virlablas. 

Going Further: Future lYediciions 


M 


Using the data you've got fn your calculator^ you Can now go on and F^fedict 
employee parformance for any given t^ score. Just key in the score \x) value and 
press ;2nd| SB , Some examples : 


Press 

7 iztidiiai 
25 l2nd! IM 

30 I^MESI 


Diiplay/Comments 

24.02 

73^3 

B6.65 


If you wish to make fmard precfictiom again at some later date, you can easfly 
write down the etjwefVon of the //« your calculator has '"^drawn" through your data 
using the 5pid] and |2ridi [QS] key sequences. 

Iln£ SEBi 

^ndj intercept value {b} 

Tha aquation of any straight line can be expressed as; y ■ mx + b. 
y ^ {Slopal X (xl ^ (Intcp) : so m this case the Una is given by y ■ 2.GSx + 6 14. 

5o. if at some future date you wish to make a pr«lictlon - you only need note the 
slope and intercept values. If an ernployee then scores a 24.2 on hit lest, you can 
substitute that resuh for x In th# equation for the lino to pred ict his or her 
performance. 

Snd l 13 ^ Clear machine 

2.68 X ;24.2 

I I 6.14 L — 1 7(1.096 ‘ a good prospect for field sales I 


How to Uh *'f^^** Table for Gorralation GPefficiants 

Find the number of samples you have in the left hand column, and scan across to 
the right - comparing the values of listed in the table to your calcufated correls- 
tion coefficient. Find the values of r|^ that your correlation ooefficient fits "'in 
between'" and scar» upward to read the degree of cortainty'" llmlti for your coaf- 
ficient If your correlation coefficient is too small for you to find in the table^ then 
you're less than 80 % sure of its validity. 
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RELATING JOB PERFORMANCE 
TO TEST SCORE 



Tf}» vafues frt this M/e ere fwm the ferma/a : 




whflrt df * t hfl d« 9 r«es of freedom, and t Is the t value fbr 
df fromtabk C \n the Apperidix . (Chapter 11-5). 


Eiofniile * for 15 sarriplei, a porrelation ooefficiefit of 32b can be considered 
betvi^n 95 % and ^ % ^'viilid’% 
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RELATING JOS PERFORMANCE 
TO TEST SCORES 



Table of Values - Test Values for Coirelnnii Onefficiant 

(clf) 


#of 

Samples 

degrm of 
Freedom 

30% 

9D% 

m% 

99% 

99.9% 

a 

1 

0.951 

.9BB 

m7 

1.000 

1.000 

4 

2 

O.BOO 

.900 

950 

990 

.999 

B 

3 

0.607 

-605 

.978 

.es9 

.991 

e 

4 

0.6D3 

.729 

Bn 

.917 

.974 

7 

5 

0.5S1 

.609 

.756 

.375 

.951 

e 

0 

0.507 

.621 

.707 

834 

.925 

9 

7 

0,472 

.532 

.666 

.798 

-B06 

10 

a 

0.443 

.549 

.632 

.76B 

.072 

11 

9 

0.41 g 

J31 

.002 

.735 

.347 

12 

10 

0.388 

.479 

.576 

.708 

.823 

13 

11 

0.380 

.476 

.563 

.684 

.301 

14 

12 

0.366 

.4S7 

.S32 

.661 

.730 

IS 

T3 

a3S1 

.441 

,514 

.641 

.760 

16 

14 

0.333 

.426 

.497 

.623 

.742 

17 

15 

0.32? 

.412 

.482 

.606 

.725 

IB 

16 

0.317 

.400 

.463 

.590 

,708 

19 

17 

0.303 

.389 

.466 

.676 

.693 

20 

ia 

0.299 

.373 

.444 

.561 

.679 

21 

19 

0.291 

.369 

.433 

.549 

.365 

22 

20 

0.284 

.360 

.423 

.537 

.652 

23 

21 

0.277 

.352 

.413 

.620 

.040 

24 

22 

0.271 

.344 

.404 

.513 

.628 

25 

23 

0.265 

.337 

.396 

.606 

.618 

26 

24 

0.260 

.330 

.3^ 

.496 

.607 

27 

25 

0.255 

.323 

.381 

.487 

.597 

29 

26 

Q.2S0 

.317 

.374 

*479 

.588 

29 

37 

0.245 

s311 

.307 

.471 

.579 

30 

26 

0.241 

.306 

.361 

.483 

.570 

31 

20 

0.237 

.301 

.356 

.458 

.062 

32 

30 

0-233 

.296 

.349 

.449 

.554 

42 

40 

0.202 

.257 

304 

.393 

.490 

62 

60 

0.165 

.211 

.250 

.320 

.408 

122 

120 

0.117 

.150 

.178 

.232 

.294 
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INTRODUCTION 



Many in your buMnoss (or Bveryday life] ypuVe farcad in^a meklog dwisionfi 
(buy/not buy - accapt/noi tocapt) about a ht Of quawf/fy of itamf. Tinw and 
expense usualKy aliow you only to exam^nt and tfft a few of the iarge popo- 

Ution you have to decide oji» (This if often the e^eo in an 'inoojning quality control'^ 
operaiion^ for example]. 

Whenever youVt in this situation ■ deciding about a large popiff3it4?n based on a 
smaiier sampfe - a certain amount of uncertainty is always present. The sample is 
giving you some informatbn to be sure ^ the key Is using your sample date wisely. 
When a rT^a^trf3irt ureF c^ims that a lot of goods meets a certain specftiortion - data 
from your sample can be used to test that clairn to a;so«cf/«rf {iegroe of certstnry^ 

The examples in thU chapter are designed to show you how ■ and how your calcu¬ 
lator can help. 

In this chapter we'll get into the examination and analysis of data from samples, 
and the hows and whys of relating that data to larger populations. We'll proceed 
step-by-step through the analysts of several typical case situations with some sample 
dau * so that you will hopefully be able to apply the tools illuEtraied lo your own 
analysis situatioris. Soma fairly "high powered" statistical mathodsare involved 
here, but with your caEculalor keeping tabs on the mathematics^ you'll be surprised 
ai how the implementations of these techniques get simpllfiied. 



First Tfitngi First 

In most of the examples we'll be considering in this chapter the following situation 
is addressed : 

A manLifacturer (grower/iupplier^ etc,) makes a claim aboLFt a particular Specification 
far a shipmant of goods he's juit delivered. This ciaim uiuaMy is expressed as a mean 
value for the population : 
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INTRODUCTION 



”Thfl Fnwn weK^ht of product in thett oorttairari is 510 primi." 

"Tfv maan liFeitme of th-fse batteries under standard kwd EondttkiM is 
180 hours - * * /** 

You usually gat ^ dunca to tost a samplfl of tJia» iikarts to sea if they are O.K. 



The first thing to do Is to Uke as larga a sampla ai passible end examine the mean 
value of the specification for the sample, as wall as hi standard devEetion. Your 
Advanced Professional Calculator has keys that make this quite easy^ Just take your 
measured sample data and enter It with the [l-fl key. The IliniS and lindl 

key sequences will give you the mean and standard deviation of your sample 
data and a "first step" in your deciiion. Ja the mean ckne to the claimed value ? 

It the standard deviation lerge or small ? 

A large standard deviation indicates a h^hfy varying value for the pwrameter you're 
examining‘and may be enough reason for you to rejea the shipment immediatelv t 
The rest of this chapter tells you 'how to use statistical inferences" in calculator 
dedtion making based on your sample resuhs. Focus on thaw important concepts : 
the refers to the entire set of items beir^ tested, the samph is a part of 

the population that's been "picked out'^ for test You'll be making decisions about 
the pQptiiatf&Ff based on sampfa data, and the faval Qfcertamty you decide. 
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MEAN WEIGHT OF 
AEROSOL DISPEMSERS 



T«tii>g ihe msnufacturer'j claim - with ooncarn afaotit botft upper and lower 
limfts : 

Here's an eKarpple situation that calfs tor a d-ecision about a population based on 
a sample. Lm't ssy a larg^ shipment IpopoldtiQri) of aerosol car^s of Insecticide has 
lust arrived st your receiving dock. The ffianufacturer claims that the cans contain, 
on the average, ^10 grams of insecttcfda each, Maybe you tiEually just take this 
fact at face value ■ but iNstime you'd like to be lure that he's mfletlng this claim. 

You're concerned about this problem for two reasons - these particulsf cans don't 
work properly if they're ovarfull; and you're getting gypped rf theyVe less than 
full. The kleal case is when each can contains eKactly 510 granrus ■ and youVe con¬ 
cerned about the manufacturer meeiiing this "spec" - both an the high and law end. 
(This is what's called a "two sidad'‘ or "two-talied"dacision-making processli. 

Vou have a technician measure the weight of 40 cans (the sample] and tabulate the 
data for you. With a i^atck calculation on your oalculator you found ; 

The mean sampie weight is SO0.7S g (usually labeled x) 

The ample standard deviation (labeled Sj^) ii 19,07 g, 

The decision - is the manufacturer meeting his claim ? Should you accept the 
shipment or reject it 7 Can the ample data gi^ you a Utile rm>fe to go on ? It can - 
read on I 

Target: Let's say you want to be 95 % sure that the manufacturer has 
not mat his claim before you rejod the shipment. Your target here is 
to get as much informal bn as you can about ihe population, based on 
the data you have from the sample. 

Tooti! Here your sample 3Sf>e is over 30 items - which stBtieticlans gore- 
rally agree to as an irTformel boundary between "large"' and "small" 
samples. For your "large" sample of 40 Items you may assume that 
the sample standard deviation ii a pretty good estimate of fiw popu- 
iation standard davtBihft I usually labeled with the lower case Greek 
letter sigrna, cL 

This fact often ml lows you lo Immediately reach ame important conclusions. Most 
manufacturing processes deviate from the specified or target value In a "normal" 
way. This maans that the population values can often be considered to follow the 
normal curve. If this Is the case, then about 95 % of the cam will be within ± 7 
standard deviations of the rtrean. 








MEAN WEIGHT OF 
AEROSOL DISPENSERS 



The sample standard deviation of 19.97 impliet a range of ± 2 tl9 97) (± about 40 
gratml for about 9B % of the lans. If, In your case, a t 40 grams variation in the 
vrtiflht of the cans is by Itwif unacceptable, you may need to refect the cans based 
on this standard deviation value aiorw. 

If the standard deviation value ts acoeptable to you - you now need to proceod !0 
a I tola nwe (»mp1ete anatyas. There's a tool from statistics that lets vtwj t 
3) Select a degree of oeriaintv for your dectsioni to accept or reject - say 9S %. 
b| With a straightforward calculation you can now estabiish a within which 
the population iroan (labeled fil iiet, to the degree of certainty you selected. 
The forimile tor this range is ; 


Range for fi ^ 

at degree of cerlalniv ^ ie '±Z 
you select 

In this formula x Is your sample mean, n it the number of ampfes and 1 is the "i 
score" for the degree of cartainty you select. This score" «found In Table A in 
the (Chapter 11-6) from colunm M where i values for checking iwth 

upper artd lovMer levels ere tabulated. If you check in that table - coluiTin 11 reads a 
2 value of 1 -SS at 95 % degree of certainty. 



So summarizing: 

From Table A ; z %.9B 

o ^ ■ 10 J7 (for large sampler only, n > 3D| 

n “ 40 
x = 508-75. 
and you need to 

_ 0 _ 

Evaluate : X ± * 

Vn 



ea 
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fCvv^ng ii In : A good wsy to begin thit caloulgtron it to evaluate itia last term 
Z, and stQra it in TOmory T. 


Pr»s 

iigi d 

os 2 


Ditplay/Commenti 

0. Clfier ell memories and 
registers 

0.00 Set calculator to ditpfay only 
2 decifnal pla^s 


19,97 CB « SII LIU 
1,96 [B 1 


Thi»«valu3t« 
6.19 and store? It 




m 508.75 [B 
508,76 n=n li^' 1 


514.94 

602.55 


West evaluate K +”^i= i 
Vn 


Evaluate x i ; 

Vn 


Manufacturer's claimed value of 610 g falls inside these limits -aocept ! 




Range of the PopuLation Mean 



I 


&02.56S 614.94 g 

Your ^mptg is telling you that thepopu^f^n mean is somewHere between these 
two numberi, with 35^ % certainty. 


Decitian Time s You now haye a better pJcture of what your sample li telling you 
about the shipment. You've got two values; 602.SS grams and 4.34 grams, and 


now you can say with 95 % certainty that the mean weigN value for the shIpFfwnt 
(the whole population} lies in between these two values. Since the manufacturer's 
claimed vveight value of 610 grams falls withTn these limits, as far as 
you Can tell from your sample, ha's mat hit cleim., Based on this 
analysis ^ yoi/dthe shipmpit of aerosoi cans. 

T~T~r^ 




The analysis you've juii done is sumnwised tor you here: 

a) First, get as large a sample as possible and measure ct - calculate the sample mean 
and standard devlatbri (Sj^). 
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h\ Decide on the degree of certainty you need and calculate the /srarf/cied ron^ fior 
the popi/iBtiOfj meAf7 with the formula below : 

I Range for = M ±“^ z 
Vn 

{Remember you find z from ootumn II in Table A for the degree of certainly 
you select). For samples with over 30 iterns, you on approximate o with 

cl If the manidacturer'i daim value fa Hi fmkfff the range, accept ^ and vice verra. 



Further Note*: Whan felecting the degree of certainty for a problem, it 15 Impor¬ 
tant to realise how the ttatittical process works^ The amount of information you 
have in your umple does not change. If you ^lact a very high degree of »rtaintVr 
then what you are certain about is lass definite. (Got that ? U 

Here's an example ; A mechanic boks at your car and tetls you that he ii pretty 
tiire that it will cost about £80 to £1QC to fix K. If you tell him that ha has to be 
98.9 % sure of his asiimata, he will probably estimate e wider rtnfe^ say £50 to 
£200. If the situation you are investigating demands mora certainty about a smeller 
range, then you may need to take a larger sample. 
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MEAN BATTERY LIFE 



Testing 3 maniifacturer's cleim - with D&ncarn «t^ut meeting minimum spscfficattons 
only. 

In this examplfl lefs ssy youVe manufacturing an electronfc prcKluct into which you 
put a battery. A manufacturer has just thippecE you 6Q0Q of them, and ha claims 
the mean Nfotime for this shipment, (population) is 1B0 hours. In this case, you 
wvant to check on the manufactuterus clHim, but whst^^s to yoor tfsersfen to 

acxept the shipment is that the mean lifetime of the shipment of batteries is (as neer 
as you can tell] no /e^s^than 180 hours. You don't really care If the batteries have 
longer than 1BD hour life. (In fact, this would make you very happy}. You're really 
just ooncerned about checking the ''low side” of their performance. (This is what's 
Exiled a *'onB-sided" or ^'one-taMed'* daeisicn procassl. 

To test the populattoo of 5000 (NL you have a technician select a sample (n) of 
100 batteries and measure their average lifetime under standard load oonditions. 
(Since this test ruins the batteries ■ you dectoe you can't afford a much larger tarn- 
pEe than TOO items.) Your technician finds out that the sample mean lifetime (x) is 
175 hours, with a sample standard deviation (s^t of 18 hours. Your decision : accept 
Of reject the shipment 7 


Actually ^ you already have quite a bit of infoririBtlqn to go on. First of alL since 
your sample of 100 batteries qualifies as a "large” one (n > 30), the ssmpfe stami^ard 
deviation isconstoeTed to be equal to thepo^uf^t^n standard deviation (o). 

So you really have an immediate decision to make :ii the standard deviatton of the 
shipment acceptable to you ? In this case, o ^ 1i hours. Let's say that you can 
accept this variability in the shipment. Now you need to make a judgment about 
thei^^u/fftton mean {;!). Your sample mean (x) is 17B hours. How can you use 
this information to draw a octncluston about the population mean lifetime ? 



Target: You need to make a decision about wheitier Or not to accept 
the shipment, based on the sample data, and let'll say you want to be 
95 % certain that you don't reject good batteries. Your primery 
concern Js that the battery life be nor iess rh^n ISO hours ■ if 
the average life is longer than this, fine ! 


Toob: There's a formula from statistics that allows you to calculate, from your 
sample data a rsft^ in which the population rhean will lie. With this r^ngs 
you know, based on your sample data and degree of certainty you salBct, 
an upper and a lower limit for the actust population mean. The formyia Is : 


"^ange for population mean » x ± 




jN- n 


q 










MEAN BATTERY LfFETIME 



(This formula may look complex' but rt's eaty to evaluate on your calculator)- 

tn this case : x is the sample maan lifetime ■ T75 hoyrs 
H is the population size ■ 5000 
n ii the sample size ■ tOO 

a the standard deviation of the population, which m thit case can be approxima- 
ted by ij, (= 18 hoursi 
and 

z h the i value found from Appendix Table A EChapter il-fi), for the degree of 
certainty you selea {here SS %), taken from column I - since you will reject based 
on only one boundary in this ease. (This is called a "one-sidEd" or "‘one-tailed" 
test). 

In our Case 2 1.65 

A note hera : In this formula the expression 

is a factor which elldws fm the fact that when you test the batteries in the sample, 
you nrm&ve them from the population and can't return them after the test. This 
removal of sample items strictly speaking affects the "fandomness'' of your selec¬ 
tion - and this "'factor'' corrects for this fact. 


m - nj 


ifi - 1 u 


i 

Kayins It In : In doing thlf calculation Jir^ evaluate the ciuantily. 


—TPs I and store it. Then go on to complete the calculatbn. 
Vn 


{N-n| 

{N-11 

Pren 

2 

m m 50CIOQ100(X1 

Hin m soQorni m 
cn es CH 78 m 100 
ffT] nr i.c6r^ Sfoi i 

m 176 

176- [RS^=] 


Display/Co mnwnu 

0 Clear entire calouLator 
0.00 Set calculator to display 2 
decimal places 

4000.00 

4900.00 

2.94 flow add X 
177J4 Upper Nmii 
172.06 Lower limit 
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Deciikjn Time. Here you ane EdiErting that the population mean actually has 9 
value tomewhera between 172.06 and 177.M - and what you ready want to focus 
your attdntbn on here ii that you now know from your sample (wHh 05 96 certain¬ 
ty) thfii the population mean Ei noigre^tar thsn So, based on 

your sample data, the battery mean hfetime k ies than 180 hours, and 
based on this analysis you'd reject the shipment tor ttik with your 
vendor about correcting the problem). I 


your attdi 

§ 



172.06 




Manufacturer's claim is higher than what 
you find from your sample. 


Actual value of the population mean Es predicted to be En thEs range - lower than 
the 180 hour lifetime you need, (and claimed by miTiufacturar|. 









CHECKING ON TINT 
IN PAINT MIX 



Testing e cteim yiing data from a sms/t ssmpf^ t with concern aboLrt both upper tncf 
lower limki.. 

In thif example youWi doing your own chock on a formy^ting pfoceci \rt a painn 
manufacjturing operation. Specif Ically - vnu're checking on the amount of red dye 
berng mixed into S gahon oontalnartof "'roie'" coloured paint. The process ipecTfi- 
cation celts for 1 &.5 ounces of red tint Jn Bach cert. You Klect a random sample of 
a cenij and through anslysis, find the tint content to be : 


15.2 01 

15.3 oz 

15.0 oz 

13.1 oz 

15.7 oz 

15.3 oz 

t5.9DE 

TSJoz 


(Ut'isay the analysis ii ex pensive ' so yquVe liinited to thif smell sampkqLtaittitvI. 
Yotir decision in thli 9$a' should you stop the manufacturing and adjust the pro¬ 
cess, or are things OhK, ? 

Target i You want to get as much information es you can about the population 


mean for the amount of red tint, based on data from the small sample you have to 
work with. To do this you can use a statistical technique rapocialiy designed to 

handle the ''small sample" situation. This technique allows you to 
calculate a prsdkt&d rensff^of values that tlw population mean Ip I 
will fall into^ with a degree of certainty you sBlHf:t. 


work with. T( 

® 


This predicted range of values can form the basis for your decision. If your calcu¬ 
lated range of values the specif ic^ior^ value of 1 &p 5 oi you don't have 

enough indication of trouble to ^'stop the line"* If the range of values you calcu¬ 
late from ynur sample data tioainot incfude your specif Icetion value, however, you 
can ha sura (to the degree of certainty you select} that you^ve got ■ problem and an 
adjustmant should be made. Also^ note in this case that you^re corKernsd about 
both 'Mimita'" on the amount of tlrrt * too much will give you a colour that's too red. 
while too little tint will provide too weak a colour. 
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CHECKING ON TINT 
IN PAINT MIX 




TooU: Sincfl your nrr^le siEt in this case is kss thmr 30^ it falls Ir^o 
the '^smair' sample category and tome statistteal methods especially 
fuitad to this situation should be used^ To use these tools : 

Firtt, decide on i degree of certainty you need for the decision * 
let's say 90 in this case. Then^ calculiatD the ivadictfld range for 
the mean tint (populaiJon value) using the formula bebw ; 

V- 


Ptiedictad Range for _ _ 
Population A^ean 

where k is the mean value for your sample 
s^ is the sample standard deviation 
n ii the liie of the san^le 



and 

t ii a found from Table Cin the Appendix (Chapter ll-€) : 

— for the degree of lartainty you select (90 %) 

— end the number of dagfav^ of fnmiQm for the prohlemi (df), 
In this case ; 


df * n - 1 ■ 7, 


— checking In Table C ■ voti'H find e t value of 1.905 
To find the sample mean |x) and sample standard deviation {s^L you can use 
specifti keys on your calculator .. 


I 


Keying It In s FlrAi dear your machine and enter the lemple data with 
the key: 


Pmss 

Oiiplev/Com menta 

rind] BB 

0 

Clear entire machine 

i2nd] nn 2 

0.00 

Set display to read out 2 
decimal places 

\BJ2 [IS 

TOO 

Display keeps track of 

i&.a ^ 

15.7 [a+l 

2.00 

the number of data 

3.00 

entries. 

15.9 [S’t'i 

4.00 


15.6 [zj] 

5.00 


16.1 fi+l 

0.00 


15.6 |f+) 

7.00 


16.9 [S+l 

0.DO 



90 

















CHECKING ON TINT 
IN PAINT MIX 



Now you can, with oniy a Cduplaof koystrokas, calculate th«lampla mafin and 
standard deviation i 


gig] ns 15.^ The sample mean, it 

[2i^ 0.37 The sample standard 

deviation^ s,^ 


At this point you elready havs quite a bit of infof mation. The sample mean looks 
"pretty close'' to 16,5, and the standard deviation h low ■ indicating that there's a 
relatively low "spread ^ to your measured sample red tint values. But rememiser * 
your sample is a small one - end you need to malce an importarpt decision about a 
much larger population based on h- This is where the stalFStical method can be 
helpful. Now go on to calculate the predicted rariga of the population mean (;iL 

Ptedlctad Range for = i t 


Now you know that ? = 15.06 n ^ 8 


j„-0.37 

t = i.afls 


Begin by celculating-^^ t 



Pteu 

Diq^lav/Commenti 

5>ii ^9 

0 

Clear entire rttachine 

^ IE3 2 

0.00 

Set display to 2 
decimal places 

0.37 d] a CSD 

1,895L=J Broil 

0^ 

Now add this to ^ to find 
upper range limit 

□□ 15.65 

15.90 

» K t 

Vn 

i5.e5[H] !?E > S 

16.40 

^ t 

>/n 


Decision Ttma; 

t5.60 QT amount of red tint spadf red 

i " -i - 

15.40 16.^ 

Your sample states that with 90 % certainty tha population mean lies between 
these two values. 
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CHECKING ON TINT 
IN PAINT MIX 




From your imaH sample of 6 cans you qso state that wrth 90 % cer¬ 
tainty papviattOf7 m€an value for tha r«J tint between IS.4 
and 15.9 ot Since your specified value of tS.& \i& in between ihsss 
limits* the process appears to be O.K. I (You don't have enough data 
to tail a shut'down as yet 1). 
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CHECKING PHARMACEUTICAL 
SPECIFICATIONS 



Testing a i:laim utfng data ftom a smaff with concarn about maxi mum 

specification only* 


in this aicarnple l€t's say you're called In to help out the buyer for a large chafn of 
drugstores, A large shipment of Dr. Ssm's Cough Msdfcinfi snd fy/x/r 0/ Life has 
)u$t arrived. The rnar>utacturer ctalms that the preperatfons contains S % alcohol. 
The buyer needs to be certain that the populatbn's mean alcohol content b no 
greater than B %. He can only get data on a small sample ; 6 bottles were Kelected 
at random and analysed. The bottles showed 7.85 %. 8.33 7.97 %, 0.31 % arwd 

7.78 % alcohol upon test. Should yqu^wite the buyer to rafect tha shipment 7 
He tells you he'd like to be 98 % sure of his decision. 



Target: In this ease you need to find out all you can about the popu^ 
lation mean {fi\ from the small sample^ Your primary conc^n is that 
the mean alcohol content of the shipment is not over 0 % before accep¬ 
ting It. 



Tools : In this case you're dealing with a small sample in < 30), so you 
should use the statistical aneFysIs method suitable for small sample ana¬ 
lysis as outlined below. 

FJftt, Using your caloulatorp enter the sample data with the tjj+J key, 
and calculate the sample maan jiT) artd sample standard deviation (s^j 
with the ^fidj gM and 30 S sequences. Next, using the 
formula below, caicutate the predicted range for the population 
mean: 


Predicted range for the population mean = if ± t 

yn 

In this formula 

X is The sample mean, 

Sx the sample ^anderd deyiation 

n the number of items in the sample (8) 

t the "t" yalue you find in the Appendl)c [Che|jter 11-6) 

In this case the l value is found in Tsbh B, because you are concerned with only 
one limit. In this table, iocste the t value for the degree of certainty you raquira 
(here 9S %) and the number of degrees of freedom^ (dfj equal to n — 1 - 4. (You 
fhould find at value of 2.132), 


If you can be 95 % sure that the Blcx>hDlie content of the ^'Elixir''' ti greater than 
3 you plan to rejiect the shipment. 






CHECKING PHARMACEUTICAL 
SPECIFICATIONS 



i 


Kvying It in; First, tnter yqur data usifi& llw Itsv# ^nd calculate 
the Sdtnple mean and standard deviation values ; 

□ttpia y / Co mnrwnts 


la 

^ na z 

7.S5 a+] 
S.33 15] 

?J 7 rs +1 
8.31 rfB 
77 a 1+] 

|2f^j gQQ 


Oear the entire machine 
0.OD Set display to 2 decimal 
places 

1,00 Enter your date t the 
2.00 calculator keeps count 
3,W of the numlser of entered 
4.00 data points 
5.00 

ft.04 the sampie mean M 
0.26 the sample standard 
deviation |s^| 


deer the calculator end calculate the predicted range of the population mean, 


First calculate^ t and store it, then calculate x 


Vn 


t. 


[2nd1 ^3 
Bfid l UU 
0.20 : 

IE2 !sra: 


2 

5 [5] ULl Z.132 

1 


0 Clears eveHrything 
0.00 Set decimal to 2 

0 . 2 s 

^klw add X to caEculate 


m B.04 s 

SMC-Jia:-! ra 


K+-^ 


t 


S.29 

779 


upper limit 
Now calculatalc — 

lower Ifmit- 



Dec'Mbon Time: 



Predicted range of the population mean based on your imaU i&mple. 
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CHECKING PHARMACEUTICAL 
SPECIFICATIONS 



Based on ihb analysts you'd accsipt the shipment As far as you can tell, based on 
the small number of samples you^ve tested«the annual amaunt of alcohol may be 
as low as 7 J§ %. Since Or. Sam’s claimed value 6 % - you have no aroument with 
the shipment. In this case the entire ipredictad rartge of the population man would 
have to be greater than 8 % before you'd reject the shipment with 9B % cartalnty^ 
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CHECKING CLAIIVIS 
ON DEFECTIVE PARTS 



Checking on a proportion of deiftctive parts - wth ^ncsrn mhaut maxirriym per¬ 
centage defective only. 

In this "case history" are Emailed in to aid the manyfacturer of fCash- 

lights. He's lust received his first shipment of flashlight bulbs from a new many Fee- 
tyrer • and wants to be particularly sure he's got a good shipment boforo accepting 
it. Testing the parts is quhe simple in this case - they either light or they dori't - so 
a sizeable sairiDle can be easily tested. The new bulb manufacturer, Brits $p0t 
Systems, Ltd. insists that the shipment {populstion) will contain no more than 12 % 
defective bulbs. 

Tlii^ Bdi^sfiO line foreman has 250 of the bulbs tested^ and of these, 43 fail 1 
He a^s your advice - should be accept or reject the shiprrient based on this data. He'd 
like to be 90 % Sfure the lot has more than 12 % defective bulbs, before he rejects 
the shipment and looki for a new vtr>dor. 

Target: In this case you're dealing with a dalm aboirt a and 

so you should ysa a statistical technique eitpeciaMy suiied to handling 
the problem. 

First, you use the formula below to caJculate the prsdlcted rsfjffs p/ 
fhe at in prevEout exampJet. In this c^sa, however; 

instead of the population mean being a numerical vatue (such as 
weight, or % volumel It'i the ^foportioft afdefecttve parts in the 
popuiation. 

The formula tor the range Ir^ this case Js : 

Predicted Range of the = p * [ 

Pspulaiion Mean Proportion ” ^ n 

where : P Is the proportion of defective parts found En the sample 

;(nthit caie^'or 0.172| 

n it the sample siie (250 
and 

z is the I value found trom Tsbfe A in the Appendix (Chapter ll-6|. 

You're oom^ned with one limit here fyou should reject if the shipment is over 
12 % defective, and accept otherwiseT Sings you wish to be 90 % sure of the reject 
decision, the i value from T&tfe A lisfourrd from column 1 to be 1.28. 

Once you've calculated a range for the populatiofi mean, you'd cornpare it to the 
manufacturer's daim - and make your decision. 
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CHECKING CLAIMS 
ON DEFECTIVE PARTS 





Kaying li In; You already knaw that the proportion of defective part* 
in ttiB laitiple It 17,2 %, or 0,172, Now evaluate the expressiona 


= . / P(1 - PI \ '/I 


P + 


I and P 


_ ^ PM -P) j Va 


to calculaifi the predicted rangt of the rTKan. 
——jj-J I, and stewing h. 


By looking ahead, you can $« this problnm needs to be solved twice. Storing the 
first key sequence in prograrn fWTTwry albwi you to change variables, luch «s 2 
(degree of certainty) ^ and repeat problem solution wfth Just a few keystrokes. 


Firsts key the problem Into program mamory BSsuming P is storad in memory 0, n 
in mernory 1 and i in mfimory 2. 

treat Otiptay/Cammants 


El 



or* I t[z]i^o 

b CQ 


ffiS OGZt l>^] 3 c=] OE 


0 Oleers entire madirne. Use 
|2nd| Gg jj when clear all ti 
not desirable 

00 00 Caku laTor in learn mode 
09 00 pint CE stops 
1i00 program to display 
20 00 upper limit and second 
25 00 EE displays lower 
limit 

0 Since the last GE Is at 
h>ation 31 ^ the calculator 
automatically leaves the 
learn mode. 


Now enter the known values Into data marrxwies and run the program. 


PfUl 

Disillay/Cammaiwti 

.172 [Sf5| 0 

0.172 

Store P In memory 0 

250 1^1 1 


Store N in mennorv 1 

1.2BL^ 2 

1.2fi 

store z in memory 2 

!2n^ IsE QQ 3 

1.2BO 

FteMt program to step 00 and 
display to 3 places. 

[ziig GE 

0JZ03 

Upper limit 

'2»id] CE 

NOTE : Do not clur or turn the calculator off. 

Lower limrt 
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CHECKING CLAIMS 
ON DEFECTIVE PARTS 



Decision Tima; 


12 % dafflctt' manufeoturer's clairm 



0.141 


14.1 %dalecTivt 




0.203 

20.3% defective 


FYedicted range for tha mean pafcantaga of <^ect1ve 
parts in the population. 


In this case your sample ii tetling ypy that the low«t esfpected |»rcentege of defec^ 
tive parts is 14.1 %. Yoii^re 90 % lure tint the rmnufaclurer is nof living yp to his 
claim and f/ftos/w's needs based on this analysis, you advise their foremen to reject 
the shipment. 


Going Further ; As it turns out^ the forenaert ei Eiftasho is not immediately ready 
to ship back tha bulbs. (It seems the presidem of Brite Sf^ot S/sWfns is also the 
a ^ son-imtew of Mr* Elflasho)* He needs to be wry sure. You can re-check 
the decisbn at a higher degree of certainty quite easily. Let's say you 
both agree that if he's 3B % sure the ihipment Is bad - It will go back 
and hang the consequences. First knate the z score in Table A tor a 
95 % degree of certainty. Store the new value for z h memory 2 and rerun the 
program, 


Pteas 

r65|STOl 2 

1^1 CE 
WMm 


Diiptay/Comments 

l.fiSO Store new z in memory 2 
1.650 Reset progre m to step 

00. 

0.211 Upper limit 
0.133 Lower llmh 


Answer : at 95 % certainty - you^ stfJf reject the shipment I 













Testing 

for 

Change 



99 










































tNTRODUCTION 



i 

Thare are a varisty of sUiatioru wa'ra aM in from iima to timt, where deciskins 
txmifTff change^ are inuDlved. in these iituetions you need to dedde whetha^ or not 
lonw new proceu^ metbod, palicy^ etc. has (seated some aerujinfl change over en 
old one. Situsrtbni such thit may arise when trying new educational techniques 
production rnethodsp engineering tystermetc. 

In sonriB situations a change may appear Dverwhelming, and k*t an "'open and shut" 
case that something Is clearly difftrertt. In some other howeyar. ii may ap¬ 
pear that some improvement has baan made ■ but K's reat an owwhelmSng changfl. 

Here's where deciiion inaking becomes more difficult. A decision to endorse or 
institute a new procedur# or prCkoea in such a situatiort, basad on data from small 
samples, can boa pretty tricky business. 

Several methods from Statistics are available to aid in the study of change. These 
methods involve seme fiairty lophifticeted techniquai - but as before we'll try to 
bail the tse of them down to a series of ftep^by-step pro^Jurei.. Your advanced 
professional calculator - with AOS and parentheses helping out ^ will b« a power- 
ful ally here. (In fact, wrfhouf your oalculatDr handling the arithmetic involved, 
using these techniques would be quite 4 botherl > 

The specific statistical method we'll be focusing on in this chapter may be celMd 
a Gonfldence interval procedure. This procedure often works together with another 
one Eallad the "F-test", These two procedures enable you to decide - with a dagrn 
of certflinty that you select - whether or not a genuine difference estists between one 
set of data and another (esiumlng that the populotkini are, at least, approxlmataly 
norntal). In cases where your decision Involves a considerable fum of money - these 
tests can be an important part of your decision-making procas. In cases where lives 
may be involved - «jch as in pharmaceutical research or immunology - these proce¬ 
dures cant» iTuciel I 

This chapter uses "confidence interval" end 'T^est'' nwthCK^ in analysing two 
"case histories^' where a decision must be made based on whether or not e change 
or difference exists between the resulti of two processes. 
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COATED vs, BARE PIPE 



Unoofwtwl "oonfidwicB intsrwi!" method fior aniEytFng change. 

Let's oonsicfir a case ^hsre youVe "called fn" to help out with a decUion on an oil 
pipeline. A new pipe supplier on the scene {Apexl cUiimA that a new "nevarust" 
coating process on his oompany'i product will provid# ”'upto three times longer 
life" over itandend, noncoated pipe. The decision to change to the new pipe wiil 
Involve a significant unit cost incrsasep and your pipeline ropuires several hundred 
miles of pipe - so you need to be pretty sura (let's say 9& about any decision 
made. 


You ask to see the data which supports Apex's claim of up to three tirriH longer 
Ufa, As it tifni out, all of the data that Apex has art thg results of six axparimenti. 
In each DKperFmefit a length of standard pipe and a length of coated pipe were 
buried side by side {in six different locelions), and the weight bss duo to corrosion 
wss maasured (in ounces per foot per year). The results of ihek tests ere tabulated 
below t 


APEX NEVER UST PIPE CO. 
T5STDATA 

(yearly weight loss In ouncei/foot/yeerl 


lin coated 

Apex Neveruft 

Steel Pipe 

Coated Pipe 

3.6a 

2.6S 

rzs 

0.45 

1.B4 

0.92 

3.68 


1.83 

0.05 

6.00 

0.16 


Tfit agent cleims that from this data you can ^clearly see*' that Apex's new coating 
prcKW rnuhi in pipe that lasts "up to three times longer". Ho has nothing more 
to say on the matter ^ so you tell him you'd like to think about h. 


Target : Your goal in this esse is to determine Just how much you know about the 
pipe's performance^ based on only the sample. Sfnoe the sample (S coated & 6 un^ 
coated pipes} is small, methods of "statiitlcal inferefioe''will be important hara. 

® What you really need to do Is to predict what the mean diffarencs In 

yearly weight loss would be between b coated arxj an unooatad pipeline^ 
based on the axpeTimemal data from Apex (the sample) at a 95 % de^ 
gree of certainty. 
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COATED w. BARE PIPE 




Toobi: First, you can take a ''sutiEtical kxik'' st thfl sample data by 
axaminifig the m^n and standard deviation values for the pipe walgln; 
loss. 


Than, using the methodt of statistical inference, you can detarmine the range of 
difference in weight bss between pipelines bulh of coated and unooated pipe. Thare 
are two procedures to follow In making this prediction. 


■ The fksl Is called an ''F'tesi'' ^ this is sort of a 'V>'testfng" proms that 
lets you know whether or not the second technique * the '^confldenoe inter- 
var*«needs any adjustments^ 

■ Afiar the ^'F-test^^ is '^passed'' you then use the ^'canfidmce Intervar' proco- 
dure to make your predictkin. (Procedures to follow if the "F-tesi" is not 
passed are examined in the next example^ 


YouMI notice that the "F-test'' and ''confidence Jmenral" procadLirBB axaminad here 
involve mathematical manipulations that will put your danced profes&icmal caF 
culator 'through fis paces'". We'll taka It one stepet a time. 



Keying It fn i First, take a statistical look at the Apex Gbrnpeny's 
aamplB data, using your calculator to find the mean weight to«, stan¬ 
dard deviation, and the square of the standard deviation {used In the 
tests later) for both coated and unooatad pipe data ; 


UrKxtaKd Pffte : 

Press 

Display/Comiments 

^id 

0 

Clear all 

4 

0.0000 

Fix decimal at 4 places 

3.68 |a+] 

1.0000 

Enter data fur 

1.2B [i+] 

2jOOOa 

uncoated pipe 

1.B4 [3.+j 

30000 


3.68(5^ 

4.0000 


1J3 [^1 

5.0000 


0.l» [*+] 

6.0000 


SIS 

3^17 

Mean weight loss for 

Smi] ass 

1,7663 

uncoated pipe 


3,1163 
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COATED w, BARE PIPE 


Li*±JI 


Coated Pipe : 


Press 

Dii|»l*v/Comii»fits 

ImiI ES 

0 

Clear all 

^ DQ 4 

0.0000 

fix decimal at 4 places 

2.68 1+] 

1.0DDO 

Enter data for 

0.4S [i+l 

2.0000 

coated pip^ 

0.92 Sri 

3,0000 


1.69 fa+i 

4.0000 


0.05 ri.-tl 

6.0000 


0,16 SB 

6.0000 


^ EOI 

0.0917 

Mean weight ba® for 
coated pipe 

I2'ii3l 9S0 

V0213 


[*B 

1.0430 



Wore : Based antheismples^the fuean ¥i?e<gM \<tn for the standird pipe \s 3,0S17 
and thff moan wrt^hl less tor the Meverust pipe Is FroEfi these renJ^ts Iwitb* 

out using Statistical Inferance) it appears that the Apex clafm of about three tima 
k!iE weight loss tor hteverust pipe is justified^ But how much can you "depend" on 
this result ? 

Now. for purposes of the "F-test'" we win need to identify the den with the grea¬ 
test standard deviation as the data, and the data with the lowest value 

standard deviation as the lowdatii Welt use the subsciiptt "H” for high and *%** 
for low to Tell these apart ■ ar»d, in this ceie. the unooated pipe data has the greatest 
standard deviation and will ba called the "high*' data* Lei's tabulate what we have 
at this point, abng with all the necessary labels, below. (The F test here is laid to 
be a ^'one-la iled"* test - wfi're wting to see W Is ff'Bator than ). 


Yearty l^atght Lost 

Data (oi/ft/yaar) Uncoated Pipe 


Sample rueen 
Standard deviation 
square of standard 
deviation 


3.0617 

1.7663" ^ 

3.1163- SV 


Coated Pipe 

0'99t7=-Ki 
1.0213 = Sit, 
1,0430 = S>!|* 


number of samples 


6-nh 


SXh " 

Now. to csonduct the you cabuiete the 'fliua compare thii 


6 ^ n( 


to an "F watue*' found In Tatfe D In AppandiK (Chaptier 11-0] The F value you 
look for in the table should be for n^ - 1 degrees of freedom (in this case 6 - 1 or 
B| for the nurrterator and n| — 1 degrees of freedom (in this ca» 6 — 104SJ for the 
denominator ; and a % degree of certainty. 
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COATED vs, BARE PIPE 



(Thfl F vvlue you vy')!ll In thii c&ya ii F • &.05), If this F value ii jjrnserer than ypur 
caicuiatsd value for , the F-tw ft '''passed'^ arid you can proceed to the pre- 

Sxh* 

dictkm using '"confidence interval" procedures. So, to calculate , 

Sxf 


Ptm 

g^ca 

gn^DD 4 
3.1163 EE 1 .M 30 


DilpIfly/COfnmenti 

0 

0,0000 

2.aa79 calcuiated value of 



Sof In thif case, tinot the F value of 5.06 is greater thiti yotr calculated value for 

of 2.0978,^ the F taxt ii '^pataed'^ Now you can go on and use the ^'confidence 

interval'' procedura to determine the range of difference in mean weight bs* be^ 
tween the coated end unooated pipe. 


To find the range, look In 7a6/e C in the Appenefije chaptsr fM and find tfw t value 
for the degree of surety you want Ihore SB and for n|^ ^ n| — 2 degrees of free¬ 
dom (Knthii case, @4 0 — 2 or 10). (Thai value you will find ii 2^28). Now you 
can caicuiate the rvtg^ of prvdictecf dfffmnce for the rnBam, using the fairly conh 
plex-kwking formula below t 


Renn of difference between means 


- (xh - ± 

In our case : 
Xh= 3.0517 
5?! =0.M17 


/ (iih-llW +{ni- 1 )Sx|^| 
\ (rih + nj - ?) 

□h-B Sxh*-3.11S3 

n|-6 Sxi’-1.0430 



t = 2.22B 



presi 

[2nd: 

Sn^ IID 4 

3.0517 Q 0.9917 EE 

msi 1 


Diiplay/ConiiTieitts 

0 Gber entire riwchine 
0.0000 Sat d isplay lo 4 decimal 
places 

2J>@D0 Calculate 8; store 
2.0600 dch-xi) 


Now celculete the rerrwinder of the formula | AOS is a big help here - just carefully 
key it In) : 
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COATED vs. BARE PIPE 


I i 


Prioj 

men 

EJ] □□ 6[:z 

C,X J 3.1163 C+I 

LD 6 1 

1.0430 

ZD eDDffl 

m 



L*J 

aLD 

eCECD 


SJ 2.228 2 


1 

1 [3 ;iS 2 E 


D iip^V'^Co munvnti 


1GS816 

20.79^ Valu^ of tti« numorjitor 
10.OOW Vi9 tLi« of denomi ndtor 
2.0797 
0.9333 
0.6932 
0.6326 

IjiGGO Vslueof r4ght Nnd 

expre$^n in formula 
hlow KQ complete calculetlon, 
first add thit to \k^ — K|| 

3.atso 

Nvxt^ subtract sacortd term 
from (Sfi “ jt|l 

O^OGO 


Dec^n T™ ; So. based on thUanslvw* you c&r> bo 05 % Wfi, based on 
data, that tbe in ths means between e coated and an unCDeied pipeline 

will be between 39160 and 0.206 ouncss per foot per year. What this 
means t& that you are 96 % certain that the coaled pipe procest will 
perform better then the uncoatad pipe by as much at 3.91 GO □unces 
^ per foot per year or by as littie as 0.2050ourK»s per loot per year tor 
any value in betweeni- This ii ah you car> tefi based gn anly six experiments. Apex's 
detm of "up to'' three times batter performance seems in be lechnicaby 0*K. * but 
they left out the "other side" of the claim which could read : "or as little ei a few 
percent batter performsnee *. At any rata all you really have to base your dBOwion 
on Is a pradicted range for the cffffervnce betwe^ ffttf means. 


oeia, mat 


Wich this Information it’s now time to clowly serutiolse what extra costs era inwi- 
ved in changing to tha a»ted pipe, how long the pipeline needs to East, end the 
other factors surrounding the decision. Vour anilysiiof this data should put you 
in a better bargaining position with Apex < and alio lets you see clearly just how 
much {or how litila) information can be drawn from a small swies of experiments. 
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BIOLOG rCAL DATA ANALYSIS 



O^rrected conf^dsnoQ intflfvaj'* method for eoely&Lng chdngs ; 

In thiicasea young bJotogy Student approaches you for help in analysing dau he's 
Just Uken from an experiment. He ia testing to see tvhether or not a dertain drug has 
any effect on the intelligence level of hamsters - as meesured fay the time it takes 
the hamsters to complete a simple “mate" test. Nine hemsters were fed the drug 
and given the test, while a "control" group of 13,which ware not treated, were giveir 
the same test. The student has already tabuiated the data for the two groups of 
hamsters: 

No Ofug Tnand with Drug 
13 9 

110.02 101,58 

0.0116 2.8566 

08.24 B.16 

The rtudem's instructor iook^ si the rfflta and toW the student that if appsared to 
him that there was no "(rgnificant dFftefenoe ' beiwtitn the two groups. The nu^ 
dent, however feets very sure that the drug ifid create a change. He asks you to deter^ 
mine if he can go back to hU instructor end state that he"s 9i ftsure that the drug 
realiydid improt^e tha harnster's performance on the test. 

Target; In thii case youVe trying to detsrmln* aN you tan about the 
performance of the drug based ona srnall niHesof tests. Whet statistical 
inference enables you to do is to catculaie. at a certainty Sevef you 
select, A Qonfkjence imarvol {range} of difference in inteMlger>cfl of 
hamsters treated with the drug and Those not treated with the drug. The method 
used to calculate this range is a fwo jSfocesi. Flrrt, an is used on the 

data, then based on the results of this test you calculate either a "corrected' or an 
'"^uncorrected" confidence interval. 

( Tools: To perform the F test we need to identify the data with the 
greatest standard deviation as the "high” data, and data with the 
lowest value standard deviation as the "low" date. We li be using ihe 
subscripts "H" and to tell these two groups apart. In this case, 
we'lf tabulate the data we have, with all of the necessary labeh. below: 



number of hamsters in sample 
mean tima to complete maze 
standard deviation 
square of ftanderd deviation 
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BIOLOGICAL DATA ANALYSIS 



number of hamsters 
iT>6an time on ma^e lest ts*c| 
stendard deviation 
square of ftenderd deviation 


Fwtmf wif/r Dnjff 

9 = Hi 
10L5S^k| 
2-9566 = 5x1 

8-16 = Sx|’ 


, and oampare thil to the 


fl/o Drug 

11Q.G3- Jh 
9.9116 = &ih 
96.34 » Sxh’ 

Sxn^ 

First, to esenduct the F test, gelculaie the value of 

appropriate F value found In f in the Appendix chapter 11-6 ^The approp¬ 
riate F ¥alue In this case i* nh — 1 Of 12 degrees of freedom for the numerator, 
m — 1 or 3 degrees of freedom for the denominator, and a 99 % degree of certainty) 
At a 99 % degree of oertainiVi F = 5.67. If yaiir calculated value is less than the 
value from the table, the F test is ‘ pasMd" and you ran proceed right on to calcu^ 
lating the confidence interval. If, however, your calculated value Is greater than the 
F value you found from the table, * txfrrectsd "'cortfidenDe interval" piocedure 
mutf be used, The F ta^t here is said to be a "one tailed*' test, testing to see if 
Sx^^ is greater than 


i 

Presi 
I 2 nd l 


S*h^ 

Kevins It I" ! B«9l" calculetlrag 


ttndl DQ 3 

98.24 C+D 8.16 CKI 


Diiplay/Cammen ts 
0 Gear entire machina 

0.006 FlK d i^lay at 3 

decimal pl^oe| 


12,039 


Value of ft 

S«|^ 


Since this value Jsthen the value found from the F table for this problem 
I5.67L the F test is mt passed so a corrected '*conf idence im«vaF' procedure will 
be used for the rest of the problem. The obira of this calculaten is to arriva at a 
rsnge for tbs ddferencss in performance between hamsters treated with the drug 
and those not frosted with the drug. 

The correction to the *'oonf idencfl interval” procedure essentially boils down to 
arriving at 3 corr&cted number of degrees of fcsr the problem. Once this cor¬ 

rected numbsr of degrees of freedom it calculated, then the appropriate t value is 
used in a formula to calculate the predictad ranga of difference In the population 
means. 
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BIOLOGICAL DATA ANALYSIS 



The torricted numher of degreei of freidom is niven by ihe formula ; 


corrected 
decree} of 
freedom 




where K ■ 


Sr.> 

* fix,*' 


\ Hh rt^ ; 


This if a cas« where your '^advanced prafesijDnal” machine is a real help in 
"flidng through" the mathematici- i'iirst evaluate K : 


l^eu 

iiiilZl 
l^’n^DD 3 
98.24 .±213 S 

Iro] 1 

XI 11X8.16 

r+j 9 X 
XilfEfi 2 !«»! 


Ditplay/Commenti 

0 Clear entire machine 

0.000 Fix deciinal at 3 pieces 

7.S57 Value olifiL 
"h 

a .464 Va \ui of danom Inator 

0.693 Value of K Etorod in 

memory 2 


Now calculate the "oorructwJ" number of degrees of freedom. 


im 

mrsog 2 rgnmrn 
T3 x imx 
[X 1 rx [roq 2 m 
i^x 

m 9 X1 m mr=i 


1.000 

0i>66 

0.011 

14.734 is the corrected number 
of degrees of freedom. 


Now. to continue with the analysis, thi* velue qf the number of degrees of freedam 
Is used to look up a t value from Tabie C in the Appan^ix chapter 11-6 {at a 99 % 
degree of certalntyK This t value is used to calculate the range using theforniule ; 


Range of difference hatween means 





itt oir case : 

x(, * 1 10.02 "h - 13 Sjt|,^ " 98,24 

x|- 101.58 n|-9 SK|’=e.ia 

When looking in Table C for the approximate value, you'll note that the table only 
lifts t va lues for integer values of degrees of freedom {14,15, etc). Using your caP 
culator you esn find the appropriate value oft for 14,734 degrees of freedom usiiq a 
proces called "interpolation''. 
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BIOLOGICAL DATA ANALYSIS 



degrHi of freedom 


t value I 

(09 % certaintvl 2il77 


14.7W 



\b 


2 947 


Between degreen of freedom 14 and 16 the t velMW BQ from 2S77 to 2347. To 
find the 1 value for 14.734 degrees of fraedom ; 

2.977 - [(14.734- 14) (2.977 - 2.947)] 


Preis 

l2n^]ISQi 

3 

2.977 - : □□ 

m 14.734 Q uco m 
m 2.977 3.947 QH 

mc=3 


Oiipley/Ca rnments 

0 Clear entire machine 

0.000 Fix decirnsl at 3 places 

2377 vBlueoft£tl4 
0.734 "distance" from 14 to 
14.734 

0.030 " distance^' in t values from 

14ta 16 

2.966 t value for 14.734 


With this t welue you can rww calculate the range of difference between means 
using the formula given previously; 

Press Diiplay/Cotninents 


l2>^ U 
'IfidliaQ 3 
110.02 Q101-58 Hsu 
isrO' 1 


mm 

mm 13 m 1 m r^! 

99 J4 m 

m 9 L-iTj 1 cn m 
8.10 m m 

m 13HII0 m 2 

■ JL\ 

□□ i3[S] m 9 rsn 

m 

PFI [ X 1 2.955 2 


miRCL. 1 [=3 


0 Cleer efitire machine 

0.000 Set decimal placm to 3 

8.440 The value of Xh — k| 
stored in merrwry 1 

Niext ca leulate the 
117B.8&0 righthand term In the 
equation 

1244.160 


62.208 
0.1 OS 
11.697 
10.106 

(Nowidd (xh4l£|) 

18.546 Upper I imlt for di ff erenoe 
kwtvMn maans 
Subtract second term from 

• i - 

icontinued) 
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BIOLOGICAL DATA ANALYSIS 



(oontinued) 


iPrass 

ra 1 QSS 2 IS 


Ditplay/CDmfnQntt 

—1.666 Lfiwtir II mit for d iff4ref>Cd 

bftweerr mearts 



Dut^iion Tiim : Basad on the data ytiu haw, you eafi state with S9 % suraty that i 

the difference between the means \'m between 1S.B46 and -1.666, Now if the drug I 

had no effect on the teamsters' purformance, you would expect no fiero [ 

diffarencej between the means. Since thw range of predicted values of the difftrence . 

between means includei the value zero, you cannot ba sura (at a 96 % degree of 

carte tnty) that any real change hat taJcan place whon the harmtef s are treetad with j 

the drug. A« the instructor suspected there is no "statisticslly signif leant' difference 

between iho two groups at the 99 % confidence lawl. Vou might suggest that mom 

data be taken at this poi nt. f 

I S 0 (No Difference) i 


18.54e 

Going Furthar ; Would this analysis predict a signjficarrt diflerenoa 
hftwetn the two groups auhe 9^ % confidence level ? 

Answer i Yea. 



1T0 
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Keys to 

Financial 

Decisions 









INTRODUCTION 


Haalthy mcHiey ihould l|« but thould b« kept in sStUfidcns wh«ri k 

\i "growing" conitantfy^ Sound f^nandal plannin^jihoutd always take thk growth 
Into account. Thara aft a variety of business Irifvestmtnt and saviings skuations pfovi- 
ding growth for cash. Making plans and prtdfctions in these situations can involvt 
some Fairly detailed caEculatkans.. Your advanced profeuionsl calculator li equipped 
with several features and functions especially powerful in keeping track of ^ the value 
of money 

In this chapter we'll begFn with soma quite bista cash flijw and growth sityationt, 
then move on to several more Involved examplasn Along the way well consider per- 
sofuF as well business decisions involving investments — including a Fta» or buy 
decision situation^The formulaa arxi principles involved are not difficult to under' 
stands but the mathematics involved could be really tiresome without your celcu*- 
lator, With your caFcu^tor saving time end adding accuracy, planning is eatler and 
faster ~ and youVe free to "try out" manv different alternitives without a huge 
"investment" in time and labour^ 
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COMPOUND INTEREST 



Om straieJitf orwBrd wav tP ototam a certain amount of cash growth to doposti your 
monay >n an interest-baaring account. Monay in most savings accounti grows accor^ 
ding to the "compound interest" foimula - which is a basic tool that's important In 
many f inane tat planning and dee:isian>mBking sltuatiDni, Vlufa^ll consider e simple axanri- 
pkenct "build up" this formuta. 


Let's say deposit £958 In e savings account which pays 0.8 % interest each month. 
You know youli be able to leave the money in the account for only thfue complete 
months — then youll need to withdraw most of it tor a business purchase. What is the 
value of the money after three E:amplete months 7 



Targot; You need to find the value of your deposit (£958| left in a 
compound intefest iccount for three months, at an interest rate of 0.5 
p&r month I Along the wey we'll develop a formula for calculating com¬ 
pound interest, 


Vour masoning might go something like this : At the end of the first month your 
morwy had earned 958 x |0j6 %\ in intereft. So, the total caiih accumulated in youT 
account at the end of the first month was 9Sa + 953(0.6 We esn rewrite thkes 
958 K (1 + 0i6 W — that is* the amount of rash you have at the end of the first 
month lid + 0.6 %1 times the amount you had at the beginning of the months 

In the same way the amount of money you have at the end of any month Is just 
(1 + 0.6 %i times thaamount at th# beganning of that month. The amoyni at the 
end of the second month Is : 

(958 K [1 + 0j6%}] n (f + OJB %), which can be written as 95B K (1 + 0,6 . 

Continuing in this manner, the amount of money you now have at the and of 
three months can than be expressed as : 95B x (1 + O^G %\^. This formula is 
a@y to evaluate on your calculator, (n addition, the programmable feature 
allows you to store the calculation sequenoe in prograin memory. And by storing 
the needed data value in maTnories, you can easily diange the amount deposited, 
the int^est rate or the number of periods and repeat the problem ai often as you 
want to. 








COMPOUND INTEREST 



’^"8 *•'fec'de Whteh dati value will be In which rnemofy. 


Press 

^nd| 

956 STO* 0 
6 [Sit): 1 
3 rs ®2 

Now, with the vefues in memories 0,1 
pFogrem metnory, 


QisplBy/CommmU 

0 , Ciear everythfng 
958 . OepoiPt in memofy 0 * 

9.6 Irrtflfest per peiicHl in mBmc3fy T 
3. Number of periods in meffiory 2 

*snd 2, key the problem keystrokes Into 


Bniii lim 

L^": 0 L x:i IXI 1 
L"^ 1 CSOllCr*]' 
r»ck' 2 1 X 1 
1?'^ 

^.n^l EQ 


00 00 Enter feern mode 

06 00 PCey fn problem as wrinen. 

It DO substituting mfimory recalls 

T4 00 for actuBi values 

16(90 

Oni Ejsii feam mcsde 


Since the values era already stored In mamDries, iq solve the problem, simply run the 
prooram. 



2 


0 . Resets program to step 00 . 

0.00 Set for two decimal display. 
975.36 The value of £956 at the end of 3 
months. 


To find th« vaiua after 4 months. |un store 4 fn memory 2 end run the program. 


4 | 1®|2 

f2nl 


4XKI 

981v20 The va rue of £958 at the end dM 
months 


M Going Further: When you ere conskfering more compleit problems 
involving compound interest or payments, a diagram called a t/me i!w 
^ ^ wi li often help clarify the situation. A time li ne for t h is problern would 

Icsok tike this: 


intertfft Js 0.6 % per month 


1 St month 


2 nd month 


3rd month — 


£958 


£968(1 + 0.6%!^ 
or £975.35 
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COMPOUND INTEREST 



Tha "value'" of your money Is shown for the beginning and end of the three mcHitfis. 
On time line there is a notation commonly used to label various paints in 

your problem situation. The amount of money you"re starting with now {£95B) Is 
called the present vafue (PV) of your money. The value at the and of the three 
months is called the future whe IFV) of your money, The O.i % interest ptr month 
may be labeled i% interest per lime intarval. The number of time intervals you're 
considering is usually libeled n,end is marked as shown or^ the line. 

Number of time 0 1 2 3*,,,-n — 1 ii 


Intervals Ini 

-^Ist -*■ 

^2nd-i- 

^3rd-*- 


4-> nth — 



^ ■■III ^ 


time 

time 

tlma 


time 


1 interval 

interval 

interval 


interval 


PV FV 

Interest it ’t% per 
time interviL 

Using these syrnbols we can now write tha ''compaund interest" formula for caleu- 
latifig future value of money : 

PV M tt + 1%)" - FV 

All this formula says isTo calculate the future value (F VI of your money n time 
intervals from ntiw I at i% interest per interval), lust take tha present value and multi¬ 
ply it by (1 + i%r« There's nothing to it on your cfllculBtor. 

Here's an Impartent point to keep in mind when using this formula ; The interest 
rate {i%| must be for the same time intefvet used on the tlma line. We'll be stressing 
this point as we go along, but keep k in mind — forgetting it is a common source of 
error in handling these problems. 
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SAVING FOR FUTURE PURCHASES 



lfi many baiJnesi w evurydsy Itfi situationi yiju'rt nttfng atide a csnain arnoum of 
cash today for an anticipatad ft/tufv purchua or »pensa. In thuatfom toch m thh 
you uu thecompcHind Interest formula In the "reverte dlracdon*', Conilder this 
example : 

You're to buy a new car in two years for tSOOO, Your bank, hat m account 

available paying 0^ % per month inlerest. How much money would you have lo 
deposit now to have the £5000 ready then f 


© 


Target i fn this cm you need to find the preseftt va/ue (PV| of a 
specified future value amount IFVJ^ Tha time period ypgYe consi¬ 
dering is 2 years (24 months) at O.S % mtwesi per month. 

TcMStf E In analysing this example you may find a lime Orw heipful; 


> 1 2 22 as 24 

h tst I 2nd__ ! 23rd | 24th | 

month n month 1*' month' month ^ 


PV = ? 


.FV=^ 

£5000 


The basic formula for compound interest we worked up In the previous section is 
PV X (1 + ■ FV* In this case you need to calculate premt vbIub, so nolve 

this equation for PV i 


PV ^ 


FV 

(i + r9tr 


Of 


PV »=FVx (1 f-i%)“” 


This formula just states that If you rwd to calcuSate the present value of some 
future amount, Just multiply by (1 + 1%)“", 

In Our exampla ; PV ■ 5000 X {1 + Oj&%r** ► 


Ptetf 

Sni la 

i^nd^ n ^ 

sodo m CO 1 [S snrirn 

[P1 wEStJOj 


Diiplay/Commemi 

0. Clear alL 

0.00 Fix decimal at 2 places 

4129.09 -PV 
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SAVING FOR FUTURE PURCHASES 



Vou to ctepouit £4,129 .©9 to have £5000 In two yaws. Notice tbe simMlarity 

of this pfoblsm to the prwious problam. In you can store F V in mamofY 0,1 
in memorv 1 and n in memory 2, then by adding [4^ before F si In the previous 
prograrn, VOLt can solve for PV with any F V, or n value you choose. 
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PAYROLL DEDUCTIONS 
[Future Value of Payments) 



Mcwt Qft«n in personal or business saving, you're putting away a smst! amount at re- 
flular Intervals — buildirq^ up an account. For handling future value of payments the 
compound interest formula U just used repeatedly - and as you'll s« in this example, 
a general formula for calculating future value in a regular payment situetiorts can be 
easily worked up. 


Let's say that youVe started dappiiting £7S oo the 15ih of each month [through 
payroll deductioni In your company 'b credit union. You can't get in contact with 
the cfadit union right now^ hut you need to know how much cash you will have 
accumulated in 6 months, one year, and in 5 yearsK The credit union pays 0.5 % par 
month - starting the Ist of the month following the payment. 



Target s In this case you wadt to flrsd the future value that accurnu^ 
iates when you mike a series of regular payments for a specified 
numer of payment intervals. 


Tools i A time fine will he helpful In visualising this example, and well work with 
the compound interast focmula ; 


Fv ** pvti + \%f Of pv = Fvii + mr" 

As we go through the solution well arfive at a general fomnula for handling this 
situation which is sasify evaluated on your calculator. 


The time line for the 6 payment ftliuatfon Is shown here : 



FV = ? 

One way to approach the problefn is to fust calculate the future value of each of 
the payments at the end of the 6 months using the compour>d Interest fonriuli end 
then add up all the results. I Often when calcylating the future value of an amount 
of money* ft's said that you "move" the money into the future^ You may see this 
term used in discajssiont on future value.) 


So, at the end of the 6th rnonth Pmt^will not have earned any (nterest, Pmt^ will 
have earned Interest for one month. Pitit^ will have earned for two months, and w on. 


The total amount of cash yuu'va accumulated at the end of the 0th month is then : 
Pmt^ + Pmtjd + 1%| + + i%)“ + Pmijl + l%f + Pmt^d + i%|* + 

pmtji 


Its 







PAYROLL DEDUCTIONS 


The prograrnmable feature of the caiculatorcati resMy be put tci work to save ya^ 
Kev¥trDk» in solving this problem. Motice that Pint M +1%) is common for each 
payment term* Pmt^ still has Cl '!• i%y; however, since h hesn't had time to gain 
interest Pmt^ x (1 + i%|^ = Pmt^ x 1, or simply Pmt^ * Since the payments are equal, 
The only difference between terms in our equation N the number of periods, n, 
which increments from Q to S, The foilowing key sequence show how to key in 
only one peyment term and let the cBlcuiator dp the repetitive work. The value for 
n h in mernory 0 and you simply add 1 tp memory 0 for each subsequent calcula¬ 
tion .The Aibsequent calculations ere 5umn>ed together by leaving a ! + I pending 
Bt the end of each celojIatiofiK 


Press 

| 2 ndj ^3 i 2 nd' 

76[:XJCI] 

I>'] ihcl; 0 [ xi 1 ^ 0 
[2^ Llkf 2i^ ULU 
ii'ndiDazi 

Mow run the pro^am as follows : 

i^nd] riCT 

QQ 7 

2 itdl LKd 


D isplay/Commonts 

GO GO Clear all and enter learn mode. 
10 00 Key in payment term. 

IS DQ Sum } to memory 0 and leave 
+ rending, 

20 GO Stop to show r«ult, get ready 
to reset, 

G Exit learn mode. 

G. Resets program to step 00. 
O.OO Fix decimal at 2 places. 

76,G0 One month 
Twb months 
22^.13 Three months 
4€S.GG Six months 


i2nd]GEl2ndlEB[g^OE1 

You will have C45&.66 at the end of six months. You can continue for as many 
months as you wish. To start ovar, |ust press [ CL§ [STO] 0 then !2iMfl GE *aain. 


Going Further s There's in easier way - a real time saver for problems like this. A 
series such be the one weVa just worked with t 4^ (t ’<■ i%) + (1 + i%p 4 |1 + i%)^ 
+ (1 + 1%)^ + (1 + i%>^ Is called a geometric series of 5 terms, Th# sum of a series 
like this can be simplified to ; 

] 

\% 


So the amount you have at the end of the 6 months can be written as ; 

7SkI 


nil wi LirF u ipiu-jibi Iff vfii 

Aff+0.5%)" -1) \ 
A 0.5% / 
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PAYROLL DEDUCTIONS 




Now you irw«d to k^v thi new problem into program memory, Notii^ #iat this pro¬ 
blem does not require aiTnmetion of successive calculation, and again the value n is 
assumed to be stored In mernory 0 to make it convenient to repeal the calculation 
for a different mimbef of periods. 


Press 


_ ECZI 

751 x1 LG □□ LD 1 m 5 

^LO 

0 Q ’ Cn L+H -B 

Mu GB M ESI 

^ D&l 

Now run tire program. 


Display/ComifMnts 

00 00 Clear ait and enter learn mode. 

12 00 Key m formula as written, 

22 00 
26 00 

0 Exit learn mode. 


Itndl ^ Reset and fix decimal. 

6 ISTOi 0 [2lnd1 LKJ 4^,00 AriKHjnt after six months, 

Nodes that this li tlii« same result found before by the ''long'" methodn Do not clear 
all or turn off calculator. 


Now In general, the future value (FVi will be : 

^ /(n+m)"-iA 

FV = Pmtxl------ I 

\ m f 


Using thU general formula lt*i now easy to compute the amount you will have in your 
savings account at the end of one year ; 

12 months \ 0J % 


Free 


Dhplay/Ca mmants 


12 rsi51 0 |5ndl 925 J7 At th# end of one year 

The amount you will have at the and of 5 years is ; 


Value at 
BO months 


^ 7 Sx 


^ ((1 + 


03%)' 


03 % 




Dltplay/Comiitenti 
S232J5 At the end of five years 

Dedvoit Tim* ; Using this formula and your calculator It't now easy to 
predict and check out '^vhei if" for any sat of payroll dieduettons at vs- 
rious interest rates. Such calculations enahla you to quite easily end accu' 
ratelv examine various tnwestment ar>d savings alternatives. 
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YOU'RE RICH - BUT . *. 

{Present Value of a series of paymontsl 



Your Uncifl Qyde hkad you (wettv well, but he didn't hsva much faith In your m&nev 
harKlling abilitVi That's probably why he left your brothnr the farm and you with a 
feries of payments. The wMi said that you wwi to racaivB £1OQQ par yeer for the r»Kt 
S years llnorw itimp sum at the end of the year h An urgant business ''opportunity” 
has arisen — and you'd like to have as much cash as posaible right now. 

Making a quick call to the bank you hnd that they'lt gladly buy the series of payrnents 
from you at their present vaiue — figured at S % annual interest. Your problem — ii 
this a wise decUion ? 




Target! You need to find the present value of the payments (how mud^ 
the monev it worth now). 


Tooli: A time tine will help you visualise the situetiDn, and well also work 
with the formula to calculate the present value of sqitw future amount; 

PV^FVd+W^” 

As wi go through the solution well arrive at a general formula for handling this situa¬ 
tion which is easliy evaluated on your calculator* 

The Time Line : 


Number of yaara 


a 1 

1 

1 : 

1 

2 : 

1 

} A 

1 

i £ 

1 1 

i e 

i 1 

1 ') 

1 

f 8 

- '« -1 

year 

- 2ndJ 
year 

^ 3rd . 

yeer 

^4th ^ 
vear 

l 5th ^ 

year 

Leth J 

year 

^7th 4 

year 

_8th _ 
yaar 


10CM fODO IDOO 1000 1000 1000 1000 1000 

Pmti Pmta Fmtj Pmu Pmtj Pmt^ Pmt7 Pmts 


PV 


















YOU'RE RICH-BUT 


* i m 


11-5 



Ona way to approach the problem it to Just calculate the present vMu« at each of the 
payments and then add up all o) the raiults: 

PV » Pmt, <1 + i%r* + Pmtj M + )%)** + Pmtj ft +1*)"’ + Pmt^ (t + i%)”* 

+ Pmt, <1 + i%)“* + Pmt, 11 4 4 Pmt, (I + (»)-’ + Pmt, (1 4 


Now since all of the paymertts are equal you ‘'factor them out" to get; 

PV - pmt [11 + i%r* + II + Jw® 4... n 4 
There's an easier way. The series : 

It +J%r‘ 411 4i%l“® 4...(V4 i%r* 

is another geomatric series of 6 terms. The sum Of a Series like this can be simplified 
to r 



Now, in general, for any laties Of payments of equal amounts at the end of n equal 
tfme intervals, the prmnt value wlW be it 


PV p* Pmt 


1% 


Now let^i find tbe present value of the £ 100D e year payments. Jn our cose, 

„ _ /ll - |1 4 

PV - 1000 X I- - -1 

\ / 



Kaying It In: 

Display/Conunents 

Q. Clear ad 

0.00 Set decimal to 2 places 
tOOOXX) The amount of yearly payment 
1 . 0 a The II + S16) tarm 

&746J&4 PV 


Pmi 


^1 

IDOO 

i r=~ 

w 


un 


1 □□ 1 ijT ecK 


]□ 


BLaLUIIZ] 
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YOU'RE RICH-- BUT 





DKiiion Tim : Now's the time to ctose^li^ e^cainpne your "business oppor- 
tunity^'^ Decide whet the prospects of success ere very careful I v ^ before 
deciding to accept £5746,54 of reedy cash. 

Going Further ; You were dissatisfied with the present valuD of the pay - 
ments so you had your uncle's l^awyer recheck the will. He found the 
proyisions reed that you rray receive the payments at the fifst of the 
year, You'd like to compars the present value of the paymenti If they 
era made el the first of the year with the present value of the paymenti 
made et the end of the year. One way to apphroach the problem 1% to 
calculate the present value of each of the payments, using the present 
value formula : 


PV = FV M *i%r^ 

The present value of the payment is Pmt| + Pmt (1 + + Pm (1 + 1%!"^ + 

Pmi^ II + + Pint, tt + \%r* + Pmtjj (1 + l%r’ + Pmt, IT + + 

Pmt, 11 + i%r’. 

Notice Prrit| is alreody in present velue. Since ail the payments are equal, you can 
"fictDr them out" to got: 

Pmt X [1 + (1 4 i%r* 4 (1 4 !%)■’ 4 ... (1 4 W'’] 


Again, there's an easier way« The series ; 

1 + (1 + l%r^ + II + , f1 + 4%)"^ ii another gaomatric series. The sum of 

9 series like this can be limplrfied to : 


+ n - II 


Now, in geiwat. For any Eerias of payments of equal arnounts at the ifBsmntng of n 
equal time Intervals (in advance) earning interest of i% per time Intervel, the present 
value will be : 


PV = Pmt 


/ ^ ii -cT4i%r*"'‘’) ] 

1% / 
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YOU'RE RICH. BUT 



Now lBt'$flnd th9 pr«s«nt value of the £1000 a payments made at the beginning 
of Mch yeaf for 0 yssrs at B ^ annij«f Interest. 

/ n+ 

PV = 1000x(l+-- j 

Press Oi^lay/Comments 

1p^ m 0. Claar all 

lln^l m 2 __ 0.00 Sdt dacimal at 2 ptacai 

1000_xja:] lOEum is 

m lit aLHJiD 55 7 

[’♦s*"! [ \ ] I "f I S I % J [~^~| 0306.37 The present value (if the payments 

if they're made at the beginning of 
each year. 

Let*s find hoiv much more the present value nf the payrnenit is if payments are made 
'*1n advance" (at the beginning of each period) or '"in arrears" {at the end of eae^h 
period). 

6746.64 465.73 


Decision Time : Now you may w^nx to re^aiuate your decision based 
upon the increase in present value due to receiving the payments in 
edvincB, 
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YOU'RE THE BANKER 
(Calculating loan paynrmnts} 



Buiin^ ^oing pretty wnM tor you iBtalv and iha word ii getting around. In 

fact, your bfothar-m^aw hai askad you for t loan. Ha wanu to borrow 1)4635 to 
improve his home. He's willing to pay you 6% annuiF lmara$t. and Glalmi he'll pay 
th* loan off In 3 equal yearly pgymantB starting newi year. You dackJ* to hotp him 
out^ and need to calculate just how mych tba loan iiuyments should be. 

Target i You nmd to detarmip^ the amount of the loan 
payments for ytsur brother-in4aw. Along the way we'll 
work up aganefal formula for calculating loan payments, 

TooH : We’ll ha uo^lng o time line to help visualise the premium, along with the formu¬ 
la for present value of a series of payments received at the end of each payment 
period. {When payments ere received at the end of the periods you’re considering, 
they Ye «td to be received "in arrears". Payments received at the beglnnFrig of the 
period are uid to be recerved "in advance'M 

PV “ PfrttU-:-- J 

The Time Line ; 

number of years 0 1 2 

1 at I 2nd I 3fd 

veer | year ] year 

Loan of £4535 Pmti Pmtj Prntj 




I be Frresant value of the payments from your brqthBr-in-law for 3 years at 6 % is 
C453& end using the above formula you can write : 

4536 = Pmt «I-——— ) 

\ 6 % / 

Solving for the Pmt gives 


Pmt- 


4535 


^(1 - n + 
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YOU'RE THE BANKER 





Keying U In: 


Prm 


4B36 r+j m aj 1 [HI □□ 1 
S] LS m rrga 

LU _+. J 6 fx ) I r 11 = 1 Pmt 


0 * Claar aFI 

0.00 fin decimal at 2 places 



Dacieion Tinw : The annual pavmentt ^oyld ba £1 696.59. Do you think 
your brothar-in^ will coma up with thn monoy 7 


i 

I 


126 
















MOW YOUR OWN LAWN ? 

(Buy equipment or contract for service 7) 



The old lawnfiwwer "blx tha dusT'^ and yoo esk yquraalf If you should Uiy e naw 
lewnmower at bIL You don't particularly like mowing the lawn, trimming the hedge, 
puldng weeds, etc ... but it will cost £200 per ^ear to have someone contrect to 
take care of the girdan. 

The price of a new lawnmower is £328,and it you were to tsuy it you would ex- 
pect to pay about £S per year tor operating and maintenanoa axpansas. The mower 
would prabably last about G years, and then you would get r^d of it Edonate it to a 
garegs tale to help raise money for the school band or some such cause). Keeping \n 
mtnd that your cash would grow at about 7 % per year if you kept it in the bank, 
you*rB wondering if you really wouldn't be better off just having the garden done. 

© Target; You wan-t to take a Bound, '’’oald" look at the sjtuetjcriH 
What's the difference in cost betwEen paying to have the }oh 
done, and buying a new lawnmower to da it yourself 7 

Tools: A lime lint will agsm be used to help in picturing what's going on. We'll 
also be using the form u Fa for the present value of a series of payments "in arreari". 

+ i%r 


PV *= Pmt 


^(1 ^ n + 


and also the formula for the present value of a 5«ri» of paymenti in advance: 


PV - Pmt 




The time line ; 




^27 


























MOW YOUR OWN LAWN ? 



One way to approach this probi em h to consider the fact thflt Jf you dMn*t buy the 
mower the 029,95 cmt and opwatinfl cost could be enming 7 % ennual 

interest- So you would find the present vMlm of these amounti hebeled PV and 
PV^ on the time KneL 

PV_„ - 320^ 


pv„ *eK 


^(1 


Now you want to compare tfitt to the cost of having the lawn done (PV,^). In situB' 
tigna II he this, use tte formula for the present value of e sartee of payments in advance 


PVj^ “ 200 X 





Kaying It In: 

Not* the similarttv of the two prafalenis. Keystrokes can b« uvid by fintwing the 
part" of the calculation into pro^am mamory, Memary 0 it to store 
n or n—l values i 


Pri 

liidl 


iZndl 

1^-] m 1 i+ .7i^cn 


Displav/Commentc 
00 00 Clear all and enter leam mode. 


[Z5 0 IS CD tS 7 


r^l ?nd] ES EBl 

Bndl IBZI 
Now solve for PV* 


09 00 

1 

T7 00 Part^P equetion 
20 00 

0 Em [C learn mode 


7% 


^JUSjO QQ 2 



S.QO Store n in memory 0. 

38.13 =jpVj 

388.06 This Is the present value of the 
mower and the mafnteriBnce 
payments. 
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MOW YOUR OWN LAWN ? 



Now cofnpare thii to the pre»F>t velue of the cost of heving lawn done : 


Prew 

200 Lx ] LD 1 I tJ lirdl EE 
pn 3 ^.ob r^i 


Dlipfay/Cammentt 
i.00 Stone nr-} (n ni«mcirv 0. 
10m04 ^PV^go 
651.96 Thfidiffertnoe 



Dwfiion Tinoe : The difference In cost between buying the mowan and 
mowing h yourseff and paying someone eise to mow it Is £651.96. The 
decision — can you afford it ? 



Going Furthw ; While your celculator is fliil turned on, maybe ycwj woukJ 
Ilka to loiow how much you can pay yourself at the ftret of each year 
to mow your own lawn, 


0 12 3 4 6 6 


1 1 

2nd 1 

3fd 1 

4th 

5lh 1 

6th 1 

1 v«sr 1 

year 

yeer | 

year 

year | 

year | 


p p P P P P 


651.68 


To find tww much each of ttwsa paymonts wHI bt um the formula for the present 
value of a series of payments in odvince : 


651,96 - Pmt 






7% 




Solving for the Pmt gives ; 


Pmt ■ 


_651.86_ 

y 7% 1 
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MOW YOUR OWN LAWN ? 




K«viiia It Jh t 


Display/Cominmti 

_ 051.96 Prsviouj result 

Cil □□ 1 Cij iitti BB 'ZTiia 

You can pay youfsdr £127 ja e«:h year to keep vour own lawn. At this paint you 
con iook at your decision In a new light, it is worth It ? 
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BUV A REMTED HOUSE 7 
(InvQstmcfit decision) 



You're considerkng buying a house thet k presently rerrted for £375 per month an 
investment. You haw LlQfiOO available cish for the investfment- You realise that 
buying a house Invotves some risk, so you are planning the nflove only If you can 
make a sizeable profit on The deal (1S% annual rate). 


After checking with a isrokar, you find that you on buy the house by placing 
lllO.ODDdown and assuming a £25,000 mortgage. You figura that your expens^^. 
including mortgage paymantt, will be about £250 per month. You expect to keep 
the property for 10 years, sell the property, pay off the mortgage, and net £20.000. 


Should you Invest in the house 7 




Target: Analyse the siiuation and see if you can achieve your overall 
goal of 15 % effective annual interest on your investment^ 


A on fntprsst: You can calculate equivalent interasi rates with different 
compounding intervals by using Ihe compound ir>teriasf formula. For example, 
suppose you deposii amount I A ) for a year at 16 % per year intareit- 


k 


one year 


AH + 15%) 


[You would have A (1 + 15 %) at the end of the y^r,) Now say you would like to 
know what monthty interest rate (i%) is equivalent to 16 % per year. To detenninfl 
the B£|uivalent monfhty rate, assume you deposit the same amount [A) in an account 
which pays i% per month* 


M 

1—1 

-H 

H 

1-T2 months -i 

H 


H 

H 

H 


I-1 

1-1 

L——1 

1- 1 -T- 

} -1 


1— 




The Interest rates will be equivalent if the final amounts! are equal 
Ad + 1B%)-Ad + i»)“ 

Now the equation may bs solved tof i%. 

Dividing both sides by A gives : 

{1 + T5MJ - d + i%)'' 

taking Ihe ?2th nKrt.A}Tl + 16%) = (1 + i96) 

subtracting 1 from both sides, 

1 - i% 

On your calculator SoS Kfifl I 1 J 1 f ^ ] 15 | ^ I I I J E5y 1 ^2 L^j 1 iMJ 
OJJt 17149 or about 1.17 % per month interest. 
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BUY A RENTED HOUSE ? 



Tootf; The batic tools in analyiing these tituetlom are ■ time line disgram, and the 
compound interan formuls; 

PV-FV(l + l%r" 


es well as the formula tw the present value of a lerfes of payments in advance ‘ 
PV-Pmt 


^ ^ II-n 4 


Ths Time Line : The \nxwrM is 1 .f 7 % per month (and 10 years it 130 montKsf. 
number of 0 1 2 MS 120 


r^;r“ 

3nd 


' 120th 

Your investment 10.000 mi^nth 

munih 


month 


You wili be receiving £376 each morrth for rem, and spending £250 each month 
for the mortgage payment and maintenance. You can consider that the net resuft 
ii actually a series of monthly payments of £125 in your favour, and consider them 
on the same time line t 


126 


m 


12 S 


Also, at the end of the 10 years you will receive £20,000 cash from the sale of 
the hcxjie. 

I I III 

(2) 20,000 


One WBV to arrive at a concluiion on this {nvestmani is to compare your £10,000 
invastnwnt to the £12S payments plus the £20,000 sailing price (assuming that 
you make the 1J7 % monthiy intereat desired). If the pre^nt value of the net 
payments plus the present value of the selling price exceed your £10,000 invest^ 
rrwnt amount -** the Investment is a sound one. 
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BUY A RENTED HOUSE? 



.Find the present value of tha £l 2B irionrhty Income. Note thit the pay¬ 
ments are made at the beginning of each month i therefore yse the formula for the 
present v&lue ot a series of payments i n advance. 


PV-126X 


/ (1 - t1 + 

\ 1.17% / 


Step - Find the present value of the £20.000 you expect to make when you 
sell iheliouM ; 


20^000 + 

Mow add the results from step 
income from the investment. 



and ^tep 



to get the present value of the 


Keying It In: 
Pr«s 


126rK][XI 1 

m T r^m i 

"3 > 1 

GE] i.iTLUmLZ 


20000DC □□ 1 [+11 

i.T7 r sirrifyi 120 

sgc=: 


nri 3132.27 r=n 


Diiplav/Comrrwnti 


0. 


Ctvar bD 

Q.OO Set dispiay at 2 decimal places 
Celculats Stop 


81^2.27 The present value of th« payments if 
you make 1.17 J^nonthly. 

Calcufate Step 


4952^45 The present veiue of th# 20*000 
urilfng profit. Now add the two 
present values together^ 

1308472 



Decision Time i Based on this analysis, the invesiment is a good 
move. The income from the house wMI actually he creating revenues 
for you that are equivalent to a i,|7 % per month return or 15% 
per year pn an initial irrveftnrent of £13^084.72^ Since you can 
^'purchase'* these profits for only £10.300, the house ii indeed a 
sound investirrent. 
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LEASE ITUP,_ 
(Lasse or buy decisionji 



Your ^sineSiS ti considering buying or leasing a new computer. According to the 
financial (ease agnwrwnt/tha company wouJd pay £4^,000 per yeaf for & yeart. 
The company could buy the machina outrighl Oncfuding a 5 year service contracij 
for £135,000, You have detarminad that no r«$Ble vatoe on the machine can be 
expected after S years, if the computer is installed, Et is expected to save the oom* 
pany £46,000 pw year; Your company expects e yearly return of 15 % on all funds 
of thhs sort itweitad. The company is a healthy one. with pood credit, end can 
borrow at S % annual irtteraxt from iocal banks. 

Target: In this case you want to analyse the situation Fn two parts: 
Dec;^/or7 f ; It it cheaper to lease or buy the computer, based on the 
data you have and the company's financial situatinn ? Orce youVe 
made that ttecision, then you went to go on to t 
Decision 2I, it a sound invettmant for the companv to acquire ttie computer at 
ali. Erased on the 15 94 yearly return the company requires on investments 1 

Tools : Again a time lJf» diegram will be used to get a picture of the siluatiorT, and 
the cash values you'll need to nvake your decisions will be oaiculated using the 
formula for the present value of a series of payments "(n arreers" ireceived at the 
end of the period) ; 

V iib 

and the present value of a series of pay nrwms in advance formula; 

a.. „ (. M-Cf+ l%|-('*-il\ 

PV»Pnit 1+- 1 

V \% / 

Decision f .'Should you lease or buy the computer 7 The loan rate is 8 %. 

Find the present value of the peyments if the computer is leased, which is also called 
the Equivalent Purchase Price 1EPP| of the lease, 

EPP.36000 

\ B% } 




Keying Ft In; 
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LEASE IT UP . 



Pnti 


DltplBY^Commifm 


[indj B1 0. Clear aU 

!2i^ 2 _ 0.00 £«t decimal at ? places 

30000 DTI □□ 1 ro un ^ 

SET] 1 [+3 B [X] m 534 

□□ cm e CEIl 

[ ) 1 = i 16523657 The Equivalent Purchase Price of the 

lease. 



Decision Time ; If the money li borrowed at 8 %, the Equivalent Purchase 
Price of the lease h £150.23057. Compaftng this to the purchaie price 
of £135.000, purchasifig the computer is the better alternative. 


Decision 2 . Should you acquire the computer at all 7 The critical question Is ^ Is the 
present value of the savings the computer generaies — assuming a 15 % return ^ 
ervwgh to juatifv the £135.000 iE^vestment 7 ^ 


0 12 3^ 

% 5 

lit 

2nd 

3rd 4fh 

Bth 1 

veer 

^ year 

year 1 year 

yearl 


Inv^itment 135JOOO I | J 

compared to III 

Payments PV, 46.000 46.000 45.000 45.000 46.000 


Find the present velue of the £46,000 yesrly avings, PV^ » 

_/<T-(i + t5%r'i\ 

PV -46000* - ) 

‘ \ 1S% / 

Than, compare the present value Of the UVinfS to the £.135.000 Investment. 
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LEASE IT UP ... 



i 

Kaying It In t 


Prats 

SHi m 

wm 2 

«oooL)Li □□ cn 1 s 
on 1 r+i isnnmry^s 
isnjliEj isrvirTi 

ra 


Display/Cormnanu 
0. Claarall 

0.00 Set dacimil at 2 pFneas 


164199,13 The pruant value of the savings, 



Dacitlon Tima ; Acquiring the computer n h good move I Thrt savings fl 
creates amount to an equivsFeni of a 16 % return on an investment of 
£l 64,190.13, You are Achieving this levet of return with an actuai rnvest- 
ment of only £136,000 — so the investment would be a sound oine — 
based on this analvsis- 
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A Little 



Theory.. 


"The mathefnatSeal order of the Udivertt h our anfwer to the pyrainldt of chaos* 

On erery ildo of ya wt see bits of Nft that are compietalv beyond our underftanding 
wfl label them unusual, but vw rmlly don^ went lo acknowledge theni* The only 
thing that really exists Is statistics^ Tba IniQlligant person is the statiiticil person''. 

lirom Thffbv Sim Wtw Lem copfyriiht © 1974 
by ttie SifflijurV Ptesi, (nc. Uiiad by pBrmJimQn. 
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INTRODUCTION 



As rneriitionecf \n the introdiJCtran do this book^ our primary cpncentration ii on the 
''how to ose" side of the statistical tooli that are cspcicjally applicable in a variety 
of business and everyday tife srtijatbns. We ho|K you find these technioinj velieble 
(and even enjoyable]^ to use in bringing more accuracy into your declskin making 
with your calculator. 8ui * there are always those folks who ask ; Why and how 
does this stuff work, anyway 7 

The full BOiwer to all part* of that queftion probably would involve an extended 
statistics course - and some sources for f Lrther reading ere suggested in the 

For those of you who'd like to brave a quick survey of the key eiemants of 
what we've been using - here we qo : 

Start with a Simpk Eaampfe (Small PupulBtion) 

To get into the thecsirv let^s f^tart with an analysts of a small body of data ^ one we 
can Completely handle. Suppose you ere examminfi test soores for 5 peoplo on a 
simple e>tam (statisticons would say that this popu/Mtmn consisted of 5 eiem^nt^h 
Let's say thit (out of a perfact score of 10) the scores for the S pupils are A, 5, 6, 7 
and With your calculator you can immediately and easily catcutate thepppu/enbn 
mean (labeled p| and the population sf^mi&rd devistfoir (labeled o) : 


FVess 

Display/Ca mments 

^ 13 

0 Cle&r entire machine 

ona 3 

0.00 Set display to readout 2 

decimal places 

4 ms 

1.00 


2.00 Calculator keeps a count 

6[l±i 

^.00 of your data antrlet 

7 Blf] 

4.00 

8lX±J 

5.00 

r4ow - to find the pomjlation mean (^}: 


6,00 

To find poptitstioft (oj you use the special key sequence 

■ln3 HQ li$:'] 

1.41 

{We'll be uving more about why you me 

thif sequence to find o a little later). 


I 
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[MRODUCTION 



So wrth this paf^ufatfon you can ea-slly and directly analy» all the data In 
straightfomtrd fashion as IHostrated below : 



What AliMJift a Huge Population 7 

Mow hare's tha rub ^ what happarrs whan yau^d Ilka to know what the population 
mean (jul realty Is, but the population Is mwJa up of thousands (or au^n miNlons) 
of items 7 Even with your calculator helping^ entering alt that data may he noarly 
impossible. In addition, sometimes the TtHasuremani yDU^a taking may f^rroy the 
item. For example - imagine that youVe testing a shipment rpopulation] of 5000 
hatleries id check on their lifetime. You have to deplete a battery to know how 
long tt lasted In the lifetime test. If you did this the entire population - you'd 
know Bpeactfy what the mean lifetime tor the population was. You'd also have no 
hatieries left to us# I 

In sbuations like thls^ one lagical alternative iito salsct a snrwiier numhef of itBm» 
from the populetian ^ a sample - and test them. This h where the sctenoi of itatis* 
tics comes In, Based on analysing the sma//ef ample - which It chedpsr^ easier (and 
more possible! than testing the population ^ you can ua marhods of siatistteaf 
Inference to make statements aboiut the population mean ip\. Yoyrfir^ step would 
be to calculate the sample mean |^} and the sample standard deviation Then 
you‘d apply 4ome statfsticsl techniques to get back to information about Che popo 
latiomef diagrammed below : 


Pop'j^alHw 

Yog need I 

fvj Etements 



taka 9 Sample 
ol h Flemenftii 


Population 
Mean 




Y 

Make a Siaii^icai 
Inference about 
thePopiJlatian 
Meonf^ 

CaFculalB the 
Sample idea 


Calculate tha SamplQ 
Standaid DeviaiK^ s. 
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INTRODUCTION 



Now - the ^Voundabout'^ paxh by which yoij yoi^r sample ctata to gat back to 
in tor mat ton about the population contains jom? chance. It^s fairly logical that the 
isrger your sample the Jess chaocey your statennani! aboyt the meari are. 

The Sample and the Pbpyletbn 

f4ow we focus on one key point in the situation.^'h^/hcm you take a small sample out 
of the large population ■ how ''repfesentative" rs it ? In our battery example it you 
just happened to pick a Sot of you could wind up underrating an entire 

shipment based on thetr perfornryjnce. Likewise, rf by chanca you only picked real 
"winners" - you may overrate the shipment. In this discussion we'H be focusing on 
what the Chances are that tho sample mean (5) Is near the populaik>n maen \ji]. 

To give you 4 feel for how statisticians study this siiuatkin - we'll go back fa our 
sntallpopura^^/r of & t$$ts scores {one we C3n handle! ar?d csniider the lituatian 
when sa/npiss of 2 test scores are taken from it and examined. i\n practice a papu¬ 
lation thinmall would rH3t be handled uslr^ statistics - but by using it to examine 
the processes statisticians use - we'll demonstrate some important concepts^ Now 
concentrate on thii process : 

As wfl^v® already discussed, our five test scores were 4^ 6* 7Tho population 

mean fjn) was 6. What would happen if you picked out 2 of these scores at random 
{a sample) ■ and checked fi>eir mean (x) ? What woufcl your chances be that tha 
sample mean would also be 8 'ft^ual to the population mean ? 

To answer this timely and interaiting quettion you fhEt need to focus on alt the 
possthla ssmpfes of fwo test scores you csr> draw out of our population of end 
then examlna the sample meani for each possibility. This is the way statisiicians 
first began looking at the problem of statistical inference. Wc'll Tabulate all of the 
possible samples of 2 teft scores, along with their means, in the table on The folltiw- 
ing page. 

I Note that the mefbod of selection for the test scores at random could be visualised 
as : putting each score on a slip of paper - putting the papers irtlo a hai, shaking 
well, picking one out and noting it - reptaclng it In the hat ■ shaking again ■ picking 
9 ^In. The replacement factor Is important. When samples are taken without replace¬ 
ment from a population of N alementSp a "correction factor'* is entered Into statis¬ 
tical inferences). 
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Po|iulatk}r> of 5 T«t Swr« : 4 , S, 6, 7^ 8 

\n this tibl« are tabulateng all possible ways of picking # sarnple of 2 alemants 
as well asthe mean of each sample. 


All Possible 



Semples of 

Vilua of t he 

Lahti tor 

2 Elements 

^an for Each Sample 

Mean Value 

4,4 

40 


4.5 

45 


4,6 

5-0 

if 

4.7 

5,5 


4pS 

6.0 

Mj, 

5.4 

4,5 


5.5 

ao 


5.6 

as 


5.7 

6.0 

% 

5, a 

6-5 

^in 

6,4 

5.0 

iiJ 

as 

5-S 


6,6 

60 

5|» 

6.7 

65 

f,4 

G.Q 

7.0 

JCia 

7.4 

5.5 


7.5 

6.0 

X|7 

7,6 

6.5 


7.7 

7_Q 


7.0 

7.5 


8.4 

6.0 


8.5 

6.5 

i-B 

8.6 

7.0 


8.7 

7.5 


8.8 

a.o 



Atow, in a "reei life'' lituation you'd be picking out a sample, mtasi^infl fts mean 
value (x|. and from that fasolt, ttylng to caleulate or dedtjce the population mean 
value (pi- So, focus your attention on the ssfnpfe m&tn vafues. Thli is the data 
that's available to you - you^re actually picking out sample mean values, li% and 
need to know vvhat your chances are that v comas dose to the actual value of the 
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populnkin mean (ju|. IRtmmber that ynut population mean here If 6-glanceat 
the table and 9 at a "firat" for yotif chancai of picking m it of 6 at random). 

What Are Your CHanoat ? 

Lfit'f get a picture of how the rampla rneans If he S'ili ^ary. We can do this in a simr 
pie picture that puts each mean value In iti plaoe is shown below t 














iin 


X_.H 







it:. ; 


jClK 

^21 




JC* 






^1 


X, 

I ^ 


ij 

^ 1 


^16 


iiA 

4.0 

4J 

sio 

6,6 

6^0 

B.6 1 

/o 

7.6 

ao 


&.2B S.75 

Values for the Semple Maani 


In this picture we'™ just put each mean label inside a little "boif'*, and stacked up 
the boxes according to the value of thak means. This picture gives you a feal for 
what your chances would be of picking a sample at random, and finding one with 
a sample mean equal to the population meen value of 6. Five of the sample means 
X| 7 , X| 3 , Xf end Xf (In the centre boxes) each have mean values of 6. In fictr 
the firwst probab^ choice would be a 6 value. It tuffa out that for large populations 
(M over 100) and large samples (n over 30hthls is e general rule ; 

The rnosl probable value of it is the population mean ItA. 

Relative Areas 


It you examine the re/arfiflp Araaa of the boxes you can get a visual picture of the 
d%ancBs that if you pick a sample at random - its k will be a 6, There are 25 boxK 
in all^ 5 of them contain 6's, so your chances actuelly can he visualised as the rBiio 
of the shadfid boxes to the total area of all the boxes i 

Of 7^ or 20 %. 
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In this pictyri cart also con^jdaf th^ values of ^that ar# cAjae to jM- What would 
your chancat ba of ptckins a sampb at raodom whow x was 6 ± 0.7S ? £ An k mIuc 
horn to 6.75 ? I Afliin - juti count atl tha hoKM concairtino k's betwean &.2S 
and 6 75. and dfvki# by tha total number of boxes. Your chances m this woukd 

ba or 52 %. 

25 

Now - )et*s move from out simple littb population and cortskter for a moment 
what wouU happen to our picture if the number of a laments in the population in* 
creased from 6 to 100, and the sample slie were Increased from 2 to 30. H we ware 
able to taka all the samp^ remans, and an^ange them ptctorblly as we did betore - 
we'd sea something Ilka the tsehavicur below t 



As the boxes gat smaller end smaller {they'd ba vary small in this case, for N = 100 
and n • 30 there are 10“ boxes! * the outskJa of our picture smooths out Into a 
clasic, symmetric, wery impprian! shape * called the Normaf Cunf& As a general 
rule of chLimb, it 's assumed in most situation that the are distributed tTormady 
(follow the normal curvel whenever the population has over ItXf aiements and the 
sample size li graater then 30. 
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THE NORMAL CURVE 



Mijcfi has been written about the normal for "SelJ" or "Gausiian"] curvt ■ but we'(I 
be focusing on the eraj undSe/ a/rve^ arid how we ean use the curve to get more 
Information about the population mean from the sampfs meart. We'If now be IntrO' 
cfucpng the role of another key "player" » tfm standard dfivmtfOir of the sample 
which ti laibelecl 


It turns out that because of the fact that the 
sample mearts follow this "normal" behaviour" (for 
large populations and 9iTipies]i some mathematlcsl 
prediciiorts can be made using the normal curve 
that 5pply to juft about eny shuation whore large 
populations and samples are concerned. Welt pre¬ 
sent soma of these useful resufn here. Remember 
that natiitic;Br>i calculated these resulti by 







First of all, examine the normal curve above and note that we've partitioned rti 
area into 4 sections, each of which is separated by sj(. Look at the shaded arso - it 
includes all the sample means whose values are between p - and p + S 3 t> it turns 
out that ratio of this area to the total is always the same — 6&.26 %. This rmeans 
that whenever you pick a sample from a population, your chances are 6S^26 
out of 100 that you hav# picked a sample mean that's within.± 55 ^ of the population 
mean. Another way of saying this is that you ran be 68,26 %sure that the popuie- 
tian mean lies somewhere in the range of your sampfs meefl plus or minus s^. 

Mow It turns out that ajf, tha standard devtation of the sample is fairly easy 

to calculate from your sample data. For samples with largar than 30 elements 

(n > 30]* sjf can be considered equal to JiL, where s^ h juit the sampia standard 

Vn 

deviation The samp^ standard deviation is readily available ■ this is the number 
you see displayed In your railculator after you enter your sample data (with the 
[S^ key), and then press | 2 nJ * 

Recapping ■ Getting to the Predicted Rar^e for p 

So rww with the help of the normal curve you can analyse a population, bated on 
a sample, in the folic wing w&y : 

First, find the sampte mean Istl and sample standard deviation (tx), by entering 
the sa mple data into your calculator with the [g 4 l kay^and then using the giidl 
w£S&] and [ 2 f^ 3 ^ key sequences. 
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Then, using your sample data v^u can say with 68.Z6 % ceftaifitv that the pcpula^ 
tion m&an tp) liei batwMn S + 

That Is, you can use yoof sample data to set up a predtctsd nnge for the popwfeh 
tion msan. This rap^ge is as close as you can gat to the population mean because of 
the LincHTtaimv in the process of using s^mpie data to draw ooncluiions about the 
popufetion. You can only state, to a certain decree of certainty, that the population 
rnwn lies somewhere in that range. 


Analyiing with Large Samples: z Scores 

Notice that the predicted range for th# population mean ahove+ gave us the 1 innits 
for the value of p to ona specific degree of cartainty : KrZ6 In most epplications 
It^s advisable tor you to be ebfe to seApct the degree of certatfity that you desire 
{or rwee/i when making any decision about i population, based on sample data. 

To make this easy to do. tabiBs have been constructed based on the areas under 
different portions of the normal curve. These tables are called tables of *’ i values^' 
or ''I saires", and they w^ebla you to calculate a predicted range for ^ to e degree 
of certainty you select. (A **z value'" table is included for your im in the Appendix). 

To use the table- just decide ftowsurw you tv&nr m be that your calculeted range 
will include the popul&tbn mean. Check in the i table to find the appropriate! 
score. 

Upper/ Lower LimiU 

htatB that two columns are included in the z table. The column you use to find 
your i score depends on your particular decision situation - as you'll see in the 
Bxamples in various chapters of this hook. If your dfcislon involves/usf an upper 
or lower value for p ^ just ona * limit" ♦ use column I, otherwise, use column II. 

To explain why the z values are different for these two situations, consider th* 
norrrtal curve that we have been difrojsslng. 
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Vdut chance of picking an k In area {range m ± »j(l i* fi8.26 % as discussed earlier. 
Looking at this another way, your chance of picking an x outside of area t is 


area 2 + area 3 _ 17,87 » + 17,87 % 

total area 100% 

36 

flr about ™~. But suppose you ars only rr>tere$ted in voLtr chance of ppckrng an 


K graatBf than ^ + Sjt (chacking only an upper limit J. Vour chance ii ^— of 

total area 

17.87% 18 _ 

“qq ^ about Sines different proportions of the total area are used, drf- 


ferent r soarts rmjst be used for thew two Sttuations - so tw® columns are provided 
in the tab^e. 


Pttioedure for Utinq ^ Tabte»tu Calculaia tba Range for^ 

Once you'vB k^cateci the 2 score, you c^n calciilate the predicted range for ^ using 
the general formula beJow : 

FVedicted range for ^ = 7 t-^z 

\/n 

where k is ypur mean. 

If the $amp^e standard dwiatjon 

Note t For targe samples the sample standard devotion |sx) turns out to be very 
nearly equal to tfmpopufation stafrdar^^ deviation {usualiv labeled o). The formula 
for the range is always correct when written with o in ptgee of Sx “ and you^lt sac it 
written that way quite often in textbooks, i is the "z iEore'' lor tha degree of cer¬ 
tainty you Mhect. 

Remamber that this particular technique works only for iarg* samples taken from 
iargef populations. (Again the tx>undary line for large samples is usuaLiy t^ken to be 
30 elemenTs, and a large population is conikdered to be 100 elements or morah 

Aftalysing with Small Samples : i Scoras 

By now the question may have arisen - "yVhai happens when i don't have 30 
sampias - let's say I'we got only 5 or 10 ? What do 1 do then ? " Ststirticiam have 
been busily at work on this problem, too. It turns out that as the number of samples 
goes b&law 30, the "normal" curve can no longer be accurately used to describe 
the distribution of the sampte means. Statiistictans have found a different fsmFly of 
<ajrve5 that does work - if the populatbon is noarty normatly distributed - called 
t curves. 
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The shape of arrv ^ curve depend? on what'i called Ihe numb®^ of dorses of free¬ 
dom (df) for yoir particular ample. The number of dograef of freedom in imist ca¬ 
ses if oonfidered to be equal to the ruimber of elements In your minus one 

(df » n — 1). The Jhap® of various t curves are shown In the figure beksw, ^kJte for 
a wv lar^ oufnber of degrees of freedom (essentially df - 31 or greaterh the t 
ctrvtt be&jmes the normal curve (end z scares lan be usedK 



Areas undw the t ct^ves have also been tatouleted for you In t ^*^fcore" tables 
{Tebles and C In the Appendix are t Sicore tahlsf for your usa). With t scores you 
can analyse small sample data in much the same way large sample data Is arafysed 
•with z scores. Hera'^s the step-by step procedure to follow ; 

With the aid of your calculator, calojlate the sample mean (kJ and ample 
standard deviation (SkJ. 

With this information, you'll be calculating a predicted range for the popula¬ 
tion mean, Decide how certain you want (or need) to be that the populstion 
mean will be In your predrcted range. For this level of certainty look up the 
appropriate t score In Tebie B or C in the Appendix. (Use Tebh B if your de¬ 
cision involves 0/1^ a maMimum or minimum value tor p ■ otherwise use 
Teble Cl The v^lue for df you uw (the degraes of f reedomi is the number of 
ehments in your sempte minus one (n — 1). 

Once you've located the t scofe, the predicted range fof the papulation mean 
can be calculated using the formula : 


Predicted range for the populetion mean 
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L Ih 


Summary on Staiinicaf lnfmn» 

So basically one process of statistical inference, that can ba of oreat use to you in 
cfedsion making, involves taking data from a ismple ■and from that calcutating a 
predicted range for the population mean. This range will tell you* to the degree of 
certainty you select, where the population mean lies, In the chapter on "testing 
deims"' we discuss how you*d compare this predicted range for the population 
mean value claimed by a manufactuier pr supplier for a given product, part^Mc, 

If the cfdffned mean value dd^s oof fall In the range you predict - there may be a 
problem f As discussed in the examples, you mey want to tvfecf a shipment cjr tBlk 
further with your supplier at that point. You'll w several other tNamptesthBl in¬ 
volve this application of statist real Inferenoe. Armed with data from a sample, you 
can make mofe accurate decisioni about claims being made for a popiilstkan«using 
your calculator and a little stairstical mathL 

The steps invoiveef in the process of statistical inference can be summarised in the 
following diagram. 
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Stops In Sample Drte, to Ceteulata tha Prtdicad flaope tor Oto Pofiol^ 

tion Msdn; 
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Oll« Furthof Afolfl on Standard Daviation 

StatEEticfans ya# ivvo different formulae for calculating fUndard deviatinn (in thapr 
continued effort to be as accurate as possible). When cilculating the smnt^srd 
atfoff o f & piopuistion (o> they use thefonnula : 

^ ^ (acf — ^here N it the nuFnbef of 

M elements In the population. 

/Vofff: The symbol used here fend elsewharef just means ^'the ium of". In this 
cate £; (kj — means to add all the w^aluet of {jij — for t going from 1 to N. 

On voMr calculator, when you're handling an fotfiv popufstfon, you can enter your 
dials with the Ig+I key^end caltulate i 

— the population mean E>i| by prassing 

— the standard deviation of the population (oj by pressing Shef PgTl [^j 
When talcufating the stsnd^fd d&v^tmn of 9 sample^ the tormub used it r 

3C^ Ik ^ - k)^ wharo n if the nuiT^ber of 
elements in the sample. 

On your calculator, when harLiiog a samph, you can enter your data with the 
taiirulite : 

— the sample mean by pressing |Z^ 

— tha sample standard deviatkjn {s^i) by pressing ,5^J 

The complete reasoning behind tha difference In these two caiculations ft beyond 
the scope of this book. One considaratlon is that using n - 1 rather then n in the 
denominator of the sample standard devietior^ results in a value for i)( that Is a 
beffer est/rnefe for tha itanderd deviation of the population from which the sample 
li taken. ( For values of n > 30, the difference between these two calculations 
becomes very snail). 

Calculator Decision Making 

This chapter has surveyed quite a hh of Informallun, quite briirfly^ In tha appllea- 
iton chapters of this book we boll down these facts to step-by-^step^ easy to apply 
prcM»dures - along with keystroke sequences and sample calculations Using these 
powerful methods (particularly with your calculator helping out) Is really qufie 
easy, and you needn't have studied statistics for years to do it. Once you see the 
methods *'in action" In application sttuatior>s * many of the procedures we've out¬ 
lined in this chapter become clearer - and you'll see more clearly how they can help 
you in calcul^ing better decisions. 
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We've tried to keep the number of "symboli" uwd in this book to e minirnyfn - 
vrt*ve introduced and discussed many of them in this chapter ■ and the/re tabufated 
for you below, (A complete table of elS lymbct* used isatw included In a later 
Appendix for your convenience). 



f^apulttion 

Semple 1 

Calculeior Key Sequence 

of Einnents 

TpA 


n 

iniH Value at Elimem. 
PfMfi 11+1 

Mean 

M 

£ 

Preti 

Stendird Dev^itiori 


S“y IT -1 

or pteu [a^l IS r^i 
Prea CTiHI 


Deviation 

of the ^mpli M«m 
z= 1 loofafnr b ttiicttd 

de^ret of certainty 
t» t icdr* fcr 1 selecied 
cta(|rMOt«f»iniv 
end Epaciric fionnlber 
deQre« ol 
fmdoni klt> 
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APPENDIX 



Sumnwry of Symbali 

df ~ dfisrees of fmdom 
F - F number frori D(k E 
n - number uf elements in 4 »mpte 

N — numbarof etements in 4 population 

f - corralation caoefficient 

corr^lttkin coefficiant 
— ftandard deviatton of the ''high'* ampfe 
Sx| — ftandard deviation of the "low*' sample 
tx - standard dwation of B sample 

tx — standard deviation of a sample means 

o ^ standard deviation of a popy lit ion 

t — t number from T^/6 8orC 

Ki the Ith alement of a sample or population 
X -- sampla mean 

p — papulation mean 

z — f number from Tdb^A 


Table A 

Degree of 

Certainty 

z Scorra * 

Column 1 

For Chedgfng^ Only 
an Upper or Lower 

Level 

Column 11 

For Checking 

Both en Upper 
and Lower Level 

60 

0.26 

0.34 

66 

0.39 

0.94 

70 

0.63 

1.04 

76 

0.68 

MS 

80 

0.84 

1.2B 

as 

\M 

1.44 

90 

1.26 

1.66 

95 

1.^ 

1.96 

99 

233 

2.68 


KQrm ara afi«n cbIIhI ”^e vilun'^ In thhbook^ 
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Tabifl B 


^ticoretare 

ohancdM 

In 

thki book. 



tSeorm’ 

(For Checkini} Only an Upper nr a Lower Limit) 


Level of Certainly 




90% 

95% " 

99% 

99.5% 


1 ■ 

3,07fi 

6314 

31 821 

63.657 


2 

1 636 

2.920 

6.985 

9925 


3 

1 638 

2.353 

4.541 

5.841 


4 

1 533 

2.132 

3.747 

4.604 


5 

1 >(76 

2.015 

3.365 

4 032 


6 

1.440 

1.943 

3.143 

3707 


7 

1.415 

1.695 

2,998 

3.499 


8 

1.397 

1860 

2B96 

3.355 



1333 

1.033 

2.821 

3 260 


10 

1.372 

1.612 

2 764 

3 109 


11 

1-363 

1.796 

2718 

3.106 


12 

1.356 

1.782 

2.601 

a055 


13 

1.350 

1.771 

2.650 

3.012 


14 

1345 

1.761 

2,624 

2977 

e 

15 

1.341 

1.753 

2 602 

2.947 

1 

16 

1.337 

1 746 

2.583 

2.921 


17 

1.333 

1740 

2.567 

2898 

*5 

18 

1.330 

1734 

2.552 

2.978 , 

s 

19 

1.320 

1 729 

2 539 

2361 

a 

c 

□ 

20 

1.325 

1 725 

2.528 

2045 


21 

1.323 

1 721 

2 518 

2.831 


22 

1.321 

1.717 

2.508 

2.819 


23 

1319 

1 714 

2 500 

2007 


24 

1.318 

1.711 

2.492 

2.797 


25 

1316 

1 708 

2.405 

2-787 


26 

1.315 

1 706 

2.479 

2.779 


27 

; 1314 

1 703 

2473 

2.771 


26 

1313 

1.701 

2467 

2763 


29 

1.311 

1 1699 

2.462 

2756 


30 

1.310 

1.697 

2457 

2750 


40 

1.303 

1684 

2.423 

2704 


60 

1 296 

1 871 

1 2.390 

2.660 


120 

1.209 

1658 

2358 

2.617 


ac 

1362 

1 643 

2.326 

2576 
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TabloC t Scores 

(For Checking Both Upper end Lower Limits) 


Levd of Certs fntv 



60% 

90% 

95% 

99% 

99 9% 

1 

3.0 7S 

6314 

12 706 

^-1^7 

636-619 

2 

1886 

2920 

4303 

9.925 

31.598 

3 

1,638 

2353 

3.182 

5041 

12.941 

4 

1.533 

2132 

2776 

4.604 

8610 

5 

1 476 

2.015 

2.571 

4.032 

6859 

6 

' f.440 

1 943 

2.447 

3.707 

5959 

7 

1 415 

1 895 

2365 

3 499 

5.405 

6 

1.397 

1 860 

2306 

3 355 

5.041 

9 

1.3B3 

1 833 

2.262 

3.250 

4 701 

10 

1.372 

1 812 

2.226 

3 169 

4 587 

n 

1.363 

1.796 

2.201 

3-106 

4437 

12 

1356 

1 702 

2.179 

3.055 

4.318 

13 

1.350 

1.771 

2.160 

3:012 

4.221 

i 14 

1345 

1.761 

2145 

2.977 

4 140 

¥ ’5 

1.341 

1.753 

2.131 

2.947 

4.073 

1 16 

1 337 

1.746 

2120 

2.921 

4.015 

iT 17 

1 333 

1.740 

2,110 

2.898 

3965 

o IB ' 

1 330 

1.734 

2.101 

2.070 

3.922 

S 19 

1.320 

1.729 

2 093 

2.861 

3.883 

|20 

1.325 

1.725 

2.086 

2.845 

3 050 

o 

2t 

1.323 

1-721 

2.000 

2 331 

3019 

22 

1.321 

1 717 

2.074 

2 819 

3.792 

23 

1.319 

1.714 

2069 

2807 

3767 

24 

1.310 

1.711 

2.064 

2-797 

3.745 

25 

1-316 

1 708 

2.060 

2.787 

3 725 

26 

1.315 

1 706 

2.056 

2779 

3707 

27 

1.314 I 

1.703 

2.052 

2.771 

3.690 

28 

1.313 

1 701 

2.048 

2763 

3.674 

29 

1-311 

1 699 

2-046 

2.75S 

3.659 

30 

1310 

1697 

2042 

2750 , 

3.646 

40 

1-303 

1.604 

2.021 

2 704 i 

3.551 

60 

1.296 

1.671 

2000 

2.660 

3460 1 

120 

1.209 

1.658 

1.980 

2 617 

3.373 

X 

1.282 

1645 

I960 

2 576 

3291 
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Table E 

APPENDIX 

(Values of F for 99 % Level of Certainty) 
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APPENDIX A 

MAINTENANCE AND SERVICE 


Normal Operation 

Yqw calculator Itdeiignecl for portable op«rstiDn with perjodic rechargirigof the 
battery pack wfthth« adapter/charger supplied, 4C is important that the proper 
adapter/chariger is used. If replacement of the battery iMCk or charger bec]ort>es 
necessary^ be lure that an eKact raplaoeineoi ii obtaified. 




Battery 

^jEHTtwr 


Yowr calculator uees the BP7 with the AC9900R adapter/charger. 

Caution t Ui* of other than tfia proper Adaptef/Chargar imy apply impropar vol^ 
t»ge to your calctilalor and damage tlie unit. 

To ensure maximum par table operation time* connect the Adapter/Charger to a 
standard 220V/60 Hz outlet, plug into Cstculator^ and charge battery pack at least 
4 hours with the calculator OFF or 10 hours with the cetculator ON. The adapter/ 
charger end battery pack mey beconte warm when used on AC powBr+ This 4s nor¬ 
mal and of no cor^seciUende. 



When the battery pack Is fully charged, the calculator will operate approx]matefy 
2 m 3 hours before recharging Is necessary. However, don't hesitate to connect 
the adapter/charger If you krwwor suspect the battery pack is nearly discharged. 

A battery pack near discharge can adversely affect all calculator operations, giving 
mroneouf resuitt. A discharged battery pack 4s typically indicated by a dim, efratic 
or blank display. 

While individual cell life in a battery pack is difficult to predict, urvdor normal 
use, rechargeable batteries have a life of 2 io 3 yean or about SOD to 1000 recharge 
cycles. 





























APPENDIX A 

MAINTENANCE AND SERVICE 



Pwlodie Recharging 

Although ttw celcutelor will operate indefinitely With the adapter/charger connec' 
tfld, the rechargeable bettafv psck can bw its storage capacity \i is ncnt allawod 
to discharge occasmnahy. For nrwi^imuin battery Mfe, k isracommended that you 
operate the calculator as a portabb at least twice a month, altowing thi batteries to 
discharge, then recharge accordingly. 

Excessiva Battary Discharging 

tf the calculator Is left on tor an extended period of lime ifier the bailfiry pack 
i« discharged faccidentahy left on overnight, for exampieh connect the adapter/ 
charger tor at leesi 24 hours with the cslculator OFF. If this does not restor# nor¬ 
mal battery operation, the tsattery peck shqyld be reiplacecl. Repeated ocojrBnces 
of excBsaive battery discharging will permanently damage the battery pack. 

Storage 

If the calcyfator is stored or unused for several weeks, tha battery pack wHI proba¬ 
bly need recharging before portable use. The battery pack will not teak corrosivfl 
material: thefetore, it is safe to store the calculator with the battery pack installed, 

Batterv l*ack Ref^acament 

The battery pack can be quickly and simply removed from the cafcufatoi. HoEd the 
celcul^or with keys facing diown. Place a smell coin In the slot In the bottom 
of the calculator. A slight prying motion with the coin will pop the slotted end of 
the pack out of the calculator. Carefully disconnect the wires that attach the bat* 
tory pack to the calculator. The pack can then he removed entirely from the cal¬ 
culator. 


The metal contacts on the bitterv pock (where charger and ceicu^tor plug in} are 
the battery terminals. Car# should always be taken to prevent sny rnetal object from 
coming into contact with these tarminsls and shorting the batteries. 
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APPENDtX A 

MAINTEWANCE AMD SERVICE 



To r^'insen the battsfy pack, firtt amch the connectina wirs? to tht termiTial^ of 
the battw V p&ck. Alignm«nl ihould not be a problem as the conoector ^ilJ only 
fit in one posjiioo. Then, place the pack into the corttpartment so that the small 
step on the end of the pack fits under the edge of the calculator bottom. A tmeU 
amount of pressure on the banery pack will snap it ptoper ly into position, (Do not 
force. It will f it easily when properly oriented). 

In Case of Difficulty 

In the event that you have difficulty with your calculator, the foliowing initructibns 
will help you to analyse the problem. You may be abla to correct your caltruiator 
problem without retirniog the unit to a service fadlfty. 


Symptom 

Press end hokj liSJ momantarity. If 
display returns, iha cslculator was run* 
nlfig a long program or operating In a con- 
tinuDut program bop. 

The battery pack may be discharged or 
improperly installed. Also, check to be 
sure tha ON-OFF switch h fully in the 
DM poiitbn. 

The battery pack Ls prubably discharged 
or rmproperiy oonnected. Refer to 
/Vorma/ Operatiap, 

An invalid aparation or key sequence 
has bmn pressed or the limitsof the 
cflbuletor have been violated. Set Ap¬ 
pendix S fof a lisl of these conditions. 

If none of the^ above procedures corrects the difficulty, return the oalcuittor and 
charger PREPAID and INSURED to the applicable Service Feoillty listed on the 
back oovet. Send a brief description of the problem you found and do not forget 
to give a clear fndEcation of your name and address. The shipment should ba care’ 
fully packaged and adequately protected sgains! shock and rough hertdling. Do not 
forget to attach 9 proof-ot^urchsse data (sales receipt, invoice* attached coupon) 
Keep the origlnet, only send a copy. Units returned without proof-of-purchesa data 
will be papeired at the services rete$ tn effect at the time of return. You will find our 
repair centre addresses on the back-cover. 


1, Display Is blank for no 
obvious reasorr. 


2. Display shows erroneous 
results, flashes erratic numbers 
grows dintp or goes blank, 

3. Display flashes while perfofinmg 
keyboard operstlons. 
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It !h^ calculator ii nut of wartarTty^ stfvica rarw In effeet at time of return will be 
charged. PfMse inclutifi information on the difficultv expefMioced with the calcth 
latOf as well as ffllum address information includino name, address^ city, state arid 
post code. The shipment should be carefully packaged, and adcquataly protectad 
agalr^ Shock and rough handling. 

Suggestions 

Becauui of the nurriber of suggaslioni which Mime to Texas Instruments from many 
sources, containing both rww and old ideas, Texas Instruments will consider stich 
sugg^tions only if they an freely given to Texas Instfumfints. It is the policy of 
Texai Instfumenis to refuse to recalva any suggestions in contiderKo. Therefore, if 
you wiih to share your suggestion with Texas fpstrumentt, of if you wish us to re¬ 
view any calculator program key wquence which you have developed, please In¬ 
clude the following in your letter : 

"All of the information forwarded herewith k presented to Texas 
Instruments on a rtonconfidentiahnonohligatory basis;no relationship, 
oonfldentlaf or Otherwise, expreised or implied, is established with 
Texas Instruments, by this presantation. Texas Instrumenu may 
use, copyright, distribute, publish, reproduce, or dispose of the In¬ 
formation Irt ar^y way without compensation to ma". 




APPEMDiX B 
ERROR CONDITIONS 



A flashing display indi^tfs that the intefnal limits of the calculator have been 
violated or that an invalid calculator operation has bB#n requested. Pressing [Cj^ 
iOL^ or ling m stops the Hashing. |^J or El also dears the display 
and pending opa-aiions, stops the flashing only> permitting ftirther calcula- 
tioni with undisturbed pending operations. The display wril flash for the foHow- 
ir^ reasons v 

1. Cal cu I St ion erttry or result (in display or memorltsj oiitsids the range of the 
calculator, ± t jt 10’* to ± 9'999M99 x 10*. Some entrlei or results smal¬ 
ler than 10'*'^ or larger than tO* can cause an internal urtclerflow^dverflaw 
condition vvhich results in a flBshing display, 

2 ireverse of a trigonometric of hyperbolic tunktion with an invalid value for 
the argument, such as 5 in‘* x with Ixl graaier than t, 

3. Root OF logarithm of a negative number. 

4. Raising of a negative number to any power, 

5. Pressing two operation keys in succession. This affects +, x, ^or 

6. n-euing or QJ after +, k, y*, </7or A %, 

7. Having more than 9 open par^mhesei or more than 4 pending operations. Tha 
10ih p^arentfiesii or 5th operatbn is not accepted so processing can be con¬ 
tinued after pressing [CE I ■ 

8. Dividing a number by zero. 

9. Factorial of any numbw except a non-negative integer < S9* 

10. Any rv^mory operstjon that is not followed by 0-^9, [ciSlor j^n^ tSM ‘ 

n. An X or y value outside the range ± 10* ^ in Rectangular to Polar Conver¬ 
sions. 

12. In linear ragressiori calculations, if fh* Nna parallels the y-axii, attempting to 
calcuJate slope, iniercepc corralation. x' or y' will causa flashing. It the line 
parallels the x-axls, the diaplay flashes whan attempting to calculite u* or 

correlation. 

13. Calculation of slope, intercept, correlation, y', x' or standifd deviation with 
less than 2 data points entered. 

14. tr^ and '■?S/Q produces flash ing overflow. 

15. Key sequence Hi Siiwfi EB Ka where x, 4= p. 

16. Argumenis that do not satisfy the following limits cause e flashing display. 
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Function 

Limit 

sin * K, oos** X 

-1<x<! 

slnh Xp cosh X 

0 < Ixl < 227,^5^92 

In X 

T xlO-” <X<1 *10“® 

log K 

1 X 10-” <*<1 * 10‘* 

X 

"10*® < K < 10*® 

cosh^ ' X 

1 <*<10*“ 

tanh'* X 

0 <1x1 <1.0 


-227.95592 < it < 230.25850 

10* 

-09 <*<100 

xl 

Q <x < [inteftar) 


I 


1B3 






APPENDIX C 

DISPLAYED RESULTS VERSUS ACCURACY 



RDundtng snd Guard Digiti 

Calculators Viks ell other a lyrical nod mschinicar devices, muit operate with a 
fixed set of role^ v/hhln preset limits. 

The basic mathematical tolerance of the calculator is controlled by the number of 
digits it uses for caiculatiorts. The caEculator appears to use a digits ai shown by the 
display, but actually uses 11 difitsto perform sH calculations. Combined with the 
buHt In 5/4 rounding capability, these eictra digits Quard the eight digit diapiay to 
improve eccuracy^ Consider the folio wing example in the absence of these guard 
digits. 

1/3x3^ 0.9999999 (inaccurate) 


The example shows that 7 t 3 “ 0.3331333 when muitipNed by 3 and produces an 
inaccurate answer. An eleven-digit string of ninfls would roundlo 1. 

The higher order mathematical funciions use iterative calculstianSk The three guard 
digits normally aliow the accuracy of higher order Functions to be better than or 
er^uel to ± 1 ir> the lest displayed digit. 

hiormahy, there is no need to even oonsider these guard digits. On certain calcula- 
ibns however^ the guard digits may appear as an answer when not expected. The 
mathematical limits of finite operation ; word length, truncation and rounding; errors 
do not allow the guard digits to always he completely accurate. Therefore, when 
subtracting two functions which are rnathemetically equah the cAlculatpr may dSi- 
play a nOn-zero result. 

For example, the difference in results from solving (16)^ using | x* \ and is 
3x10'\ 


Mathematical Limits •< There area few instarnces in the rteretive solution of higher 
order functtprvs where display accuracy begins to deter lor ate as the function ap¬ 
proaches a discontinuous or undefined point* For example, the ter^ent of B9 de¬ 
grees is accurate for all displayed digits. However, the tangent of 89.99999 is ac¬ 
curate In only four places. Another example Is when the y* function has a y value 
that approaches 1 and the k value is very large. The displayed result for 0,999*^'^ 
is accurate for all displayed digits, where 0.&99''™™ h only accurate to five 
places. 
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Trigonometric Angle Conversions - When using trigonomBtric functions with angles 
graaier than ± 360 degrees, ± 2jf radians or ± 400 grads at multiples of 90 degrees, 
etc., the results may eppeer as verv small values 3n soleniific notation. E^mpies 
are sin 3600 =: 2 k 10 ® and! sin 3S0O0 = 2 x 10'“. These nonwo results art due 
to slight guard digit inaocuraclH developed when the large angle li eDnvened back 
to 3 first revolution angle. 
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APPENDIX D 
INSTRUCTION CODES 



In thii imrn mode, the dpsplay shows yoy where the prograpn ooinitw is positioned 
and the in$trud;lon prewntly in that location. The Inffructbn is repreiented by a 
twD-digft code that Domes directly from thst key"* toE^tlon cn ihti keyboard. 

The table bek>w fllustratei the key codes for each function. 

PROGRAM KEY CODES 


Kffy Cwlir 

Ktv Cod« 

K*v Ci»4i 

K«y Co4Ai 

K«y CoheIii 

[Zndj Nor>e 

IQJ t? 

lJ^ 12 

BE3 t B 

Dsa IS 
[?»] 

^3 ID 

[oai 18 

Env] 21 

BB 27 

r%-\ 22 

fSi 28 

[Ml ^ 

Biiy 79 

1^ ^ 

K3fl 20 

1133 3s 

31 

JfBI 3J 

1 Jc»I 32 

3a 

33 

33 

rifci 34 

2523-^0 

[I!]36 

tS 4e 

[*+] 41 

SSS 47 
TEi] 4S 

□□ 43 

UlM 49 

m 44 

40 

^ ^ J ^5 

QQ ee 

ISTOt! 

PSq 57 

m 07 

rai 08 

[Pm 39 

1 & ] 09 

So 

CX! 55 

ISl ee 

61 

C41 04 

B3I 68 

no 06 

OI se 

1 6 1 06 

es 60 

HEH 66 

QQ 

Ti 

Esa 77 

□□ 01 

ISffl 78 

□□ 02 

El 79 

□□ 03 

ES TO 

□El 76 

86 

[C£ 1 ai 

07 

1 0 1 00 

023 Ndnn 

cn 63 

None 

as 84 

SQ aa 

LK\ 66 


Through normal usage you will become familutr with the more common Instruo 
tton codes so that constant reference to this table will not be neces^ry. The others 
are quickly determined by counting row end column nunnbers on the keyboard 
itseff. 










APPENDIX E 

GEOMETRIC FORMULAE 




Circumfefertce 

; Circle 

2m 

Area 

: Circle 

wr* 


ElliFKe 

T^ab 


Sphere 

4?Tr* 


Cylindar 

2m [r* 1] 


Triangle 

'/a ft 

Volunw 

; EFIJpBoid of re^lutkQn 



about "a" axil 

Ellipsoid of revolution 

4/3iTb^a 


about "b'" eKii 



Sphere 

473iirr* 


Cylfnd^' 

irr*[ 


Cone 



12 


AnalyticBl 

; Circle 

m 1 

r* 


Eillpn 

X* V> 

'^■p- ■’ 


Hyperbola 



Parabola 

y' ■ ± Spx 


Line 

V = mx + b 
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APPENDIX F 

MATHEMATICAL EXPRESSIONS 


Triflommfitric Ralationt 



It 


0 1 
® ■ cos 0 - i sin © 

Law of Ootin^ 



Law of E)tponents 
3“ X aV « ftJt+V 

fabjx =ii«Xl>* 

-a*V 

Lawtof LogarKhmt 

In y 

Ifi {ab] =? In a + Ifi 5 

Int^l «ina-lnb 



sin 0“-^ 
r 

coi @ = — 
r 

tan e = “ 

K 

r-vTT- 


b^ — 2ab cos 0 ® c* 


— =>B^ 

aV 


iO»i 
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ONE-YEAR‘LIMITED WARRANTY 


Thf T<-514lt electron Ic calculator tinc^udingi charger) from TExes lostrumants ii 
werranied to the original purchaiar for a pwiod of one {1) yesr from the original 
IXj rebate date ~ under normal u&a and sarvice — against defeettva maiBrlals or 
workmanship. 

This warranty li void If ; the calpjI’atDr hat been damaged by accldeilt Or unrea- 
sorrahlfl use, neglect, impropar service or other causes not armirg out of defects in 
material or workmanship. 

TEXAS tE^TRUMENTS SHALL NOT BE LIABLE FOR LOSS OF USE OF THE 
CALCULATOR OR OTHER INCIDENTAL OR CONSEQUENTIAL COSTS. 
EXPENSES OR PAM AGES INCURRED BY THE PURCHASER. 

During the above one^ear period, the calculator or its defective parts will be 
repaired, adjusted and/esr replaced with a reconditioned model of equivalent 
quality E'^REFURBlShlED'') at mirtuficturer's option without charge to the 
purchaser when the calculator {$ returned, prepaid and insured, vvith proof-of- 
purchase date. toTixas Instrumenu. UNITS RETURNED WITHOUT PRCX)F-OF- 
PURCHASE DATE Wl LL BE REPAIRED AT THE SERVICE RATES IN EFFECT 
AT THE TIME OF RETURN. 

In the Bvemor replacement with a reconditioned model/the replacement unit will 
continue the warranty of the original calculator product or 90 days whichever is 
longer. 


THIS WARRANTY OFFERS YOU SPECIFIC LEGAL RIGHTS AND DOES NOT 
AFFECT ANY STATUTORY CONSUMER RIGHTS. 


important ; Before returning your calcuEator for ropair^ carefully rev law 
service and mailing mstfuctlons \n thlt manual. 
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Service Centers 


BELGIE- BEiGIQliE 
Mflrcuj-? Centr & 

Rue de fa Fuiee/Rakti^wt 100 
(Pdra^ele nv. Leopold ill l l 
1130 ' Brussel/Bruxelles 
TisH m 720 80 00 

CANADA 
41 SheNey Ro^d 
Richmond H?IL Ontario 
TcE (4161 889 73 73 

OANMAHK 

Marielundi/ej 46 E 
2730 Herlev 
T#1 |D2f 91 74 00 

DEUTSCHLAMD 
KepsfK&tfaUe 33 
HOBO - Freiiing 
Tei. (08161 K74n 

ENGLAND 
h/fanton Lane 
Hfldlord. IVIK41. 7PU 
Td. (0234) 67466 

ESPANA 
Aparrado 90 

Tor rejon de A rdor - M adf id 
Tel. 676 53 00 - 676 53 60 

FRANCE 
B P. 28 

06021 - Nice CedcK 

ITALIA 

Caidia Postale 1 
02016' Cittaducale 
Tel. 107461690 34/35/36 


NEDERLAND 

FosttJus 43 
KolthofiingeS 8 
AJmelo 

Tel IQ54901 63967 

NORGE 
Ryensvirtgen 15 
0?Jci6 

Td (02f €8 94 B? 

OSTERREICH 
Rennuve^ 17 
1030 - Wjen 
Tal (0222] 72 41 86 

PORTUGAL 

Rua Eng*^ Frederick Ulrich 2650 

Moreua Da Male 

Douro 

Td, E02) 948 1003 

SCHWEIZ-SUI8SE 
Aarga-uaf str^He 250 
8048' Zurich 
Td 401 f 64 34 55^ 56 

SUOIV1I FINLAND 

P- L. 917 
Freesenkaiu 6 
ODICT . Helsinki tO 
TeL i90| 40 83 00 

SV/ERIGE 

Norra Hamnvagen 3 - Fack 
100 54 Stockholm 39 
Tel. (OBI 23 54 BO 


Texas Instruments 


GB Om .331 



